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SUBSTITUTED (SULF1NIC ACID. SULFONIC ACID. 
SULFQNYLAM1NQ QR gULFINYLAMINQ) 
N-[(AMINOIMINOMETHYUPHENYLALKYL]« 
10 AZAHETEROCYCLYLAMIDE COMPOUNDS 

This application is a continuation-in-part of U.S. patent application 
Serial No. 08/481,024, filed June 7, 1995. 

15 Field pf the Invention 

The compounds of formula I exhibit useful pharmacological activity and 
accordingly are incorporated into pharmaceutical compositions and used in the 
treatment of patients suffering from certain medical disorders. More especially, 
20 they are Factor Xa inhibitors. The present invention is directed to compounds 
of formula I, compositions containing compounds of formula I, and their use, 
which are for treating a patient suffering from, or subject to, conditions which 
can be ameliorated by the administration of an inhibitor of Factor Xa. 

25 Factor Xa is the penultimate enzyme in the coagulation cascade. Both 

free factor Xa and factor Xa assembled in the prothrombinase complex (Factor 
Xa, Factor Va, calcium and phospholipid) are inhibited by compounds of 
formula I. Factor Xa inhibition is obtained by direct complex formation between 
the inhibitor and the enzyme and is therefore independent of the plasma co- 

30 factor antithrombin III. Effective factor Xa inhibition is achieved by 

administering the compounds either by oral administration, continuous 
intravenous infusion, bolus intravenous administration or any other parenteral 
roi.;V3 such that it achieves the desired effect of preventing the factor Xa 
induced formation of thrombin from prothrombin. 

35 

Anticoagulant therapy is indicated for the treatment and prophylaxis of a 
variety of thrombotic conditions of both the venous and arterial vasculature. In 
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the arterial system, abnormal thrombus formation is primarily associated with 
arteries of the coronary, cerebral and peripheral vasculature. The diseases 
associated with thrombotic occlusion of these vessels principally include acute 
myocardial infarction (AMI), unstable angina, thromboembolism, acute vessel 
5 closure associated with thrombolytic therapy and percutaneous transluminal 
coronary angioplasty (PTCA), transient ischemic attacks, stroke, intermittent 
claudication and bypass grafting of the coronary (CABG) or peripheral arteries. 
Chronic anticoagulant therapy may also be beneficial in preventing the vessel 
luminal narrowing (restenosis) that often occurs following PTCA and CABG, 

10 and in the maintenance of vascular access patency in long-term hemodialysis 
patients. With respect to the venous vasculature, pathologic thrombus 
formation frequently occurs in the veins of the lower extremities following 
abdominal, knee and hip surgery (deep vein thrombosis, DVT). DVT further 
predisposes the patient to a higher risk of pulmonary thromboembolism. A 

15 systemic, disseminated intravascular coagulopathy (DIC) commonly occurs in 
both vascular systems during septic shock, certain viral infections and cancer. 
This condition is characterized by a rapid consumption of coagulation factors 
and their plasma inhibitors resulting in the formation of life-threatening 
thrombin throughout the microvasculature of several organ systems. The 

20 indications discussed above include some, but not all, of the possible clinical 
situations where anticoagulant therapy is warranted. Those experienced in this 
field are well aware of the circumstances requiring either acute or chronic 
prophylactic anticoagulant therapy. 



.25 SUMMARY OF THE INVENTION 



This invention is directed to the pharmaceutical use of a compound of 
formula I below for treating a patient suffering from a physiological disorder 
capable of being modulated by inhibiting an activity of Factor Xa, where 
30 formula I is as follows: 



WO 96/40679 



3 



PCT/US96/09816 




5 R is hydrogen, optionally substituted alkyl, optionally substituted aralkyl, 
optionally substituted heteroaralkyl or hydroxyalkyl; 

R, is hydrogen, R 3 S(0) p - or R 3 R 4 NS(0) p -; 

10 R 2 is hydrogen, or when X 5 and X 5 . taken together are =NR 5> then R 2 is 

hydrogen, optionally substituted lower alkyl, optionally substituted aralkyl or 
optionally substituted heteroaralkyl; 

R 3 is optionally substituted alkyl, optionally substituted cycloalkyl, optionally 
15 substituted heterocyclyl, optionally substituted aryl, optionally substituted 
heteroaryl, optionally substituted aralkyl, optionally substituted heteroaralkyl, 
optionally substituted aralkenyl or optionally substituted heteroaralkenyl, or R 
and R 3 taken together form a 5 to 7 membered ring; and 

20 R 4 is optionally substituted alkyl, optionally substituted cycloalkyl or optionally 

substituted aryl, optionally substituted heteroaryl, optionally substituted aralkyl 
or optionally substituted heteroaralkyl, or R 3 and R 4 taken together with the 
nitrogen to which R 3 and R 4 are attached form an optionally substituted 4 to 7 
membered heterocyclyl; 

25 

X, and X r are independently selected from hydrogen, optionally substituted 
alkyl, optionally substituted aryl, optionally substituted aralkyl, optionally 
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substituted heteroaryl, optionally substituted heteroaralkyl or hydroxyalkyl, or 
X, and X r taken together form oxo; 

X 2 and X 2 . are hydrogen, or taken together form oxo; 

5 

X 3 is hydrogen, hydroxy, optionally substituted alkyl, optionally substituted aryl, 

optionally substituted heteroaryl, optionally substituted aralkyl or optionally 
substituted heteroaralkyl, or X 3 and one of X^ and X r taken together form a 

4 to 7 membered ring; 

10 

X 4 is hydrogen, optionally substituted alkyl, optionally substituted aralkyl, or 
hydroxyalkyl; 

X 5 and X 5 , are hydrogen or taken together are =NR 5 ; 

15 

R 5 is hydrogen, R 6 0 2 C-, R 6 0-, cyano, R 6 CO-, optionally substituted lower alkyl, 
nitro or Y 1 Y 2 'N-; 

Y 1 ' and Y 2 are independently hydrogen, alkyl, aralkyl or heteroaralkyl; 

20 

X 6 and X 6 . are independently hydrogen, R 7 R 8 N-, R 9 0-, R 7 R 8 NCO-, R 7 R 8 NS0 2 -, 
R 9 CO-, halo, cyano or nitro; 

R 6 is hydrogen, optionally substituted lower alkyl or optionally substituted 
25 aralkyl or optionally substituted heteroaralkyl; 

R 7 and R 8 are independently hydrogen or optionally substituted lower alkyl, or 
one of R 7 and R 8 is hydrogen and the other of R 7 and R 8 is R 10 (O)CCH 2 - or lower 
acyl; 

30 

R 9 is hydrogen, optionally substituted lower alkyl, lower acyl or R 10 (O)CCH 2 -; 
R 10 is hydrogen, optionally substituted lower alkyl, alkoxy or hydroxy; 
35 mis 0,1, 2 or 3; 
n is 1,2 or 3; or 
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p is 1 or 2, 

a pharmaceutical^ acceptable salt thereof, an N-oxide thereof, a hydrate 
5 thereof or a solvate thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

As used above, and throughout the description of the invention, the 
1 0 following terms, unless otherwise indicated, shall be understood to have the 
following meanings: 

Definitions 

15 "Patient" includes both human and other mammals. 

"Alky!" means an aliphatic hydrocarbon group which may be straight or 
branched having about 1 to about 20 carbon atoms in the chain. Preferred 
alkyl groups have 1 to about 12 carbon atoms in the chain. Branched means 

20 that one or more lower alkyl groups such as methyl, ethyl or propyl are 

attached to a linear alkyl chain. "Lower alkyl" means about 1 to about 4 carbon 
atoms in the chain which may be straight or branched. The alkyl may be 
substituted with one or more "alkyl group substituents" which may be the same 
or different, and include halo, cycloalkyl, alkoxy, amino, acylamino, aroylamino, 

25 carboxy, alkoxycarbonyl, aralkyloxycarbonyl, heteroaralkyloxycarbonyl or 
Y r Y 2 'NCO-, where Y r and Y 2 " are independently hydrogen, alkyl, aralkyl or 
heteroaralkyl. Exemplary alkyl groups include methyl, trifluoromethyl, 
cyclopropylm ethyl, cyclopentylmethyl, ethyl, n-propyl, Apropyl, n-butyl, f-butyl, 
n-pentyl, 3-pentyl, methoxyethyl, carboxymethyl, methoxycarbonylethyl, 

30 benzyloxycarbonylmethyl, pyridylmethyloxycarbonylmethyl. 

"Cycloalkyl" means a non-aromatic mono- or multicyclic ring system of 
about 3 to about 10 carbon atoms. Exemplary monocyclic cycloalkyl rings 
include cyclopentyl, fluorocyclopentyl, cyclohexyl and cycloheptyl. The 
35 cycloalkyl group is optionally partially unsaturated or optionally substituted by 
one or more halo, methylene (H2C=), alkyl, fused ary or fused heteroaryl. 
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Exemplary multicyclic cycloalkyl rings include 1-decalin, adamant-(1- or 2-)yl 
and norbornyl. 

"Heterocyclyl" means a non-aromatic monocyclic or multicyclic ring 
5 system of about 3 to about 10 ring atoms. Preferred rings include about 5 to 
about 6 ring atoms wherein one of the ring atoms is oxygen, nitrogen or sulfur. 
The heterocyclyl is optionally partially unsaturated or optionally substituted by 
one or more alkyl, halo, aryl, heteroaryl, fused aryl or fused heteroaryl. 
Exemplary monocyclic rings include pyrrolidyl, piperidyl, tetrahydrofuranyl, 
10 tetrahydrothienyl and tetrahydrothiopyranyl. The thio or nitrogen moiety of the 
heterocyclyl may also be optionally oxidized to the corresponding N-oxide, S- 
oxide or S,S-dioxide. 

"Aryl" means aromatic carbocyclic radical containing about 6 to about 10 

15 carbon atoms. Exemplary aryl include phenyl or naphthyl, or phenyl 

substituted or naphthyl substituted with one or more aryl group substituents 
which may be the same or different, where "aryl group substituent" includes 
hydrogen, alkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, hydroxy, hydroxyalkyl, 
alkoxy, aryloxy, aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy, 

20 alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, acylamino, aroylamino, 
alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, alkylsulfinyl, arylsulfinyl, 
heteroarylsulfinyl, alkylthio, arylthio, heteroarylthio, aralkylthio, 
heteroaralkylthio, fused cycloalkyl, fused heterocyclyl, arylazo, heteroarylazo, 
Y 1 Y 2 N-, Y 1 Y 2 NCO- or Y 1 Y 2 NS0 2 -, where Y 1 and Y 2 are independently hydrogen, 

25 alkyl, aryl, aralkyl or heteroaralkyl, or Y\ Y 2 and N taken together form a 

heterocyclyl. The aryl group substituents are as defined herein. Preferred aryl 
groups are optionally substituted phenyl or optionally substituted naphthyl. 
Preferred aryl group substituents include hydrogen, alkyl, hydroxy, acyl, aryl 
aroyl, aryloxy, halo, nitro, alkoxy, cyano, alkoxycarbonyl, acylamino, alkylthio, 

30 Y 1 Y 2 N-, Y r Y 2 NCO- or Y 1 Y 2 'NS02-, where Y r and Y 2 are independently 

hydrogen, alkyl, aralkyl or heteroaralkyl; preferred phenyl group substituents 
are aryloxy and aryl; and preferred naphthyl group substituents are nitro, 
alkoxy and amino. 



35 



"Heteroaryl" means about a 5- to about a 10- membered aromatic 
monocyclic or multicyclic hydrocarbon ring system in which one or more of the 
carbon atoms in the ring system is/are element(s) other than carbon, for 
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example nitrogen, oxygen or sulfur. The "heteroaryl" may also be substituted 
by one or more of the above-mentioned "aryl group substituents". Exemplary 
heteroaryl groups include pyrazinyl, furanyl, thienyl, pyridyl, pyrimidinyl, 
isoxazolyl, isothiazolyl, oxazolyl, thiazolyl, pyrazolyl, fgrazanyl, pyrrolyl, 
5 imidazo[2,1-b]thiazolyl, benzofurazanyl, indolyl, azaindolyl, benzimiddazolyl, 
benzothienyl, quinolinyl, imidazolyl and isoquinolinyl. Preferred heteroaryl 
groups in the R substituent include benzothienyl, thienyl, imidazolyl, pyridyl 



and quinolinyl all of which may be optionally substituted. Where 




monocylic heteroaryl, then preferred heteroaryls include thienyl, pyridyl and 
10 furanyl. 

"Aralkyl" means an aryl-alkyl- group in which the aryl and alkyl are as 
previously described. Preferred aralkyls contain a lower alkyl moiety. 
Exemplary aralkyl groups include benzyl, 2-phenethyl and naphthlenemethyl. 

15 

"Heteroaralkyl" means a heteroaryl-alkyl- group in which the heteroaryl 
and alkyl are as previously described. Preferred heteroaralkyls contain a lower 
alkyl moiety. Exemplary heteroaralkyl groups may contain thienyl, pyridyl, 
imidazolyl and pyrazinyl. 

20 

"Aralkenyl" means an aryl-alkenyl- group in which the aryl and alkenyl 
are as previously described. Preferred aralkenyls contain a lower alkenyl 
moiety. An exemplary aralkenyl group is 2-phenethenyl. 

25 "Heteroaralkenyl" means a heteroaryl-aikenyl- group in which the 

heteroaryl and alkenyl are as previously described. Preferred heteroaralkenyls 
contain a lower alkenyl moiety. Exemplary heteroaralkenyl groups may 
contain thienyl, pyridyl, imidazolyl and pyrazinyl. 

30 "Hydroxyalkyl" means a HO-alkyl- group in which alkyl is as previously 

defined. Preferred hydroxyalkyls contain lower alkyl. Exemplary hydroxyalkyl 
groups include hydroxymethyl and 2-hydroxyethyl. 



35 



"Acyl" means an H-CO- or alkyl-CO- group in which the alkyl group is as 
previously described. Preferred acyls contain a lower alkyl. Exemplary acyl 



WO 96/40679 



8 



PCI7US96/09816 



groups include formyl, acetyl, propanoyl, 2-methylpropanoyl, butanoyl and 
palmitoyl. 

"Aroyl" means an aryl-CO- group in which the alky! group is as 
5 previously described. Exemplary groups include benzoyl and 1- and 2- 
naphthoyl. 

"Alkoxy 0 means an alkyl-O- group in which the alkyl group is as 
previously described. Exemplary alkoxy groups include methoxy, ethoxy, 
10 n-propoxy, Apropoxy, n-butoxy and heptoxy. 

"Aryloxy" means an aryl-O- group in which the aryl group is as 
previously described. Exemplary aryloxy groups include phenoxy and 
naphthoxy. 

15 

"Aralkyloxy" means an aralkyl-O- group in which the aralkyl groups is as 
previously described. Exemplary aralkyloxy groups include benzyloxy and 1- 
or 2-naphthalenemethoxy. 

20 "Alkylthio" means an alkyl-S- group in which the alkyl group is as 

previously described. Exemplary alkylthio groups include methylthio, ethylthio, 
Apropylthio and heptylthio. 

"Arylthio" means an aryl-S- group in which the aryl group is as 
25 previously described. Exemplary arylthio groups include phenylthio and 
naphthylthio. 

"Aralkylthio" means an aralkyl-S- group in which the aralkyl group is as 
previously described. An exemplary aralkylthio group is benzylthio. 

30 

U Y 3 Y 4 N-" means a substituted or unsubstituted amino group, wherein Y 3 
and Y 4 are as previously described. Exemplary groups include amino (H2N-), 

methylamino, ethylmethylamino, dimethylamino and diethylamino. 

35 "Alkoxycarbonyl" means an alkyl-O-CO- group. Exemplary 

alkoxycarbonyl groups include methoxy- and ethoxycarbonyl. 
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"Aryloxycarbonyl 0 means an aryl-O-CO- group. Exemplary 
aryloxycarbonyl groups include phenoxy- and naphthoxycarbonyl. 

"Aralkoxycarbonyl 0 means an aralkyl-O-CO- group. An exemplary 
5 aralkoxycarbonyl group is benzyloxycarbonyl. 

0 Y 3 Y 4 NCO- n means a substituted or unsubstituted carbamoyl group, 
wherein Y 3 and Y 4 are as previously described. Exemplary groups are 
carbamoyl (H2NCO-) and dimethylaminocarbamoyl (Me2NCO-). 

10 

■ Y 3 Y 4 NS02- n means a substituted or unsubstituted sulfamoyl group, 
wherein Y 3 and Y 4 are as previously described. Exemplary groups are 
aminosulfamoyl (H2NSO2-) and dimethylaminosulfamoyl (Me2NS02-)- 

15 "Acylamino" is an acyl-NH- group wherein acyl is as defined herein. 

"Aroylamino" is an aroyl-NH- group wherein aroyl is as defined herein. 

"Alkyisulfonyl" means an alkyl-S02- group. Preferred groups are those 
20 in which the alkyl group is lower alkyl. 

"Alkylsulfinyl" means an alkyl-SO- group. Preferred groups are those in 
which the alkyl group is lower alkyl. 

25 "Arylsulfonyl 0 means an aryl-S02- group. 

"Arylsulfinyl" means an aryl-SO- group. 

"Halo 11 means fluoro, chloro, bromo, or iodo. Preferred are fluoro, chloro 
30 or bromo, and more preferred are fluoro or chloro. 

Preferred Embodiment? 

A preferred embodiment of the invention is a method for treating a 
35 patient suffering from a physiological disorder capable of being modulated by 
inhibiting an activity of Factor Xa by administering a therapeutically effective 
amount of a compound of formula I. 
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15 



20 



A preferred compound aspect of the invention is the compound of 
formula I wherein R 3 is optionally substituted phenyl, optionally substituted 

naphthyl, optionally substituted thienyl or optionally substituted benzothienyl. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein n is 1, and m is 1. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein X 2 and X 2 . taken together are oxo. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein X v X,,, X 3 and X 4 are hydrogen. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein X 5 and X 5 . taken together are =NH. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein X g and X 5 , taken together are =NR 5 wherein R 5 is R 6 0 2 C-. 

Another preferred compound aspect of the invention is the compound of 

© 

formula I wherein v — ^ is phenyl and the carbon substituted with X 5 , X 5 . 
and HR 2 N- is attached to the 3-position of the phenyl. 

Another preferred compound aspect of the invention is the compound of 





NH 
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15 



20 



25 



Another preferred compound aspect of the invention is the compound of 
formula I wherein R is hydrogen, methyl, aralkyl, heteroaralkyl, H0 2 CCH 2 -, 
HOC(0)CH 2 -, H 2 NC(0)CH 2 -, (aralkyl)HNC(0)CH 2 - or 
(heteroaralkyl)HNC(0)CH 2 -. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein X 1 is hydrogen and X v is carboxyalkyl, alkoxycarbonylalkyl or 
aryl, or X 1 and X r taken together form oxo. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein R 1 is R 3 S0 2 -.. 

Another preferred compound aspect of the invention is the compound of 
formula I wherein R 1 is R 3 R 4 NS0 2 -. 

Another preferred compound aspect of the invention is the compound of 
claim 1 wherein one of Xe and X 6 . is amino in a para position relative to the 



Species according to the invention are selected from the group 
consisting of: 

Naphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
3-(S)-yl}amide trifluoroacetate; 

Dibenzofuran-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-5-oxopyrrolidin- 
3-yl}amide trifluoroacetate; 

Tofuene-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluo- oacetate; 

3,4-Dihydro-1H-isoquinoline-2-sulfonic acid {1-l3-(aminoiminomethyl)benzyl]- 
2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 
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3'-Methoxy-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yI}amide trifluoroacetate; 

Naphthalene-1 -sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
5 3-(S)-yl}amide trifluoroacetate; 

5-Pyrid-2-ylthiophene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

10 Biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrondin-3-(S)-yI}amide trifluoroacetate; 

7-Ethoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-6-methoxynaphthalene-2-sulfonic acid {1-[3- 
20 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-6,7-dimethoxynaphthalene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

25 7-Aminonaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyI]-2- 
oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

Naphthalene-2-sulfonic acid {1 -[4-(aminoiminomethyl)benzyI]-2-oxopyrrolidin- 
3-(S)-yl}amide trifluoroacetate; 

30 

7-Methoxynaphthalene-2-sulfonic acid [1-(3-aminomethylbenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide trifluoroacetate; 

Naphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
35 3-(S)-yl}methyl amide trifluoroacetate; 
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Naphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]pyrrolidin-3-(S)- 
yljamide bistrifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2,5- 
5 dioxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

Naphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxopiperidin- 
3-yl}amide trifluoroacetate; 

10 7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
azepan-3-(S)-yl}amide trifluoroacetate; 

7- Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate; 

15 

6-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

6- Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
20 oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-6- 
methoxynaphthalene-2-sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

25 9,10-Dioxo-8a,9,10,10a-tetrahydroanthracene-2-sulfonic acid {1-[3- 

(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

8- Chloro-7-methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)- 
benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

30 

7- Methoxynaphthalene-2-sulfonic acid {1-[4-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

6,7-Dimethoxynaphthalene-2TSulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
35 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 
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Naphtho(2,3-d)-(1,3)dioxole-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]- 
2-oxopyrroIidin-3-(S)-yl}amide trifluoroacetate; 

7-Benzyloxynaphthaiene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
5 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

7-Hydroxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

10 6-Hydroxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-3-methylbenzo[b]thiophene-2-suIfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

15 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid {1-[3- 
(aminoiminomethyI)benzyl]-2-oxopyrroIidin-3-(S)-yl}methyl amide 
trifluoroacetate; 

20 7-Methylnaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

7-EthyInaphthalene«2-sulfonic acid {1-[3-(aminoiminomethyI)benzyI]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

25 

5-Chloro-6-aminonaphthalene-2-sulfonic acid {1-[3- 

(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

7-MethylaminonaphthaIene-2-suifonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
30 oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

2-Methyl-1 > 2 r 3,4-tetrahydroisoquinolinyl-7-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

35 1,2,3,4-TetrahydroisoquinoIinyl-7-sulfonic acid {1-[3- 

(aminoiminomethyI)benzyI]-2-oxopyrrolidin-3-(S)-yI}methyl amide 
dihydrochloride; 
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7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}-(4-nitrobenzyl)amide trifluoroacetate; 

5 7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}-(4-aminobenzyl)amide bistrifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3:(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}(3-nitrobenzyl)amide trifluoroacetate; 

10 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}(3-aminobenzyl)amide bistrifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
1 5 oxopyrrolidin-3-(S)-yl}-(2-nitrobenzyl)arnide trifluoroacetate; 

3-[2-Oxo-3(S)-(2-phenylethenesulfonylamino)pyrroiidin-1-ylmethyl]- 
benzamidine trifluoroacetate; 

20 3-[2-Oxo-3(S)-(2-phenylethanesulfonylamino)pyrrolidin-1-ylmethyl]- 
benzamidine trifluoroacetate; 

[lmino-(3-{3-[7-Methoxynaphtta^ 

pyrrolidin-1-ylmethyl]phenyl)methyl]carbamic acid ethyl ester; 

25 

3-[2-Oxo-3(S)-{2-(pyridin-4-ylamino)-ethanesulfonylamino}-pyrroIidin-1- 
ylmethyl]-benzamidine bistrifluoroacetate; 

2'-Methoxybiphenyl-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
30 oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

5,6 f 7,8-Tetrahydrophenanthrene-3-sulfonic acid {1-[3- 
(aminoiminomethyl)benzy!]-2-oxo-3(S)-pyrrolidin-3-yI}amide trifluoroacetate; 

35 lsoquinoiinyl-5-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo-3(S)- 
pyrroiidin-3-yl}amide bistrifluoroacetate; 
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5-Chlorothiophene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

2,4-Diaminoquinazoline-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
5 oxo-3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

7-Methoxy-2-naphthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}ethylamide trifluoroacetate; 

10 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-fluorobenzyl)amide trifluoroacetate; 

7- Meth oxy-2-naptha lenes ulf on ic acid { 1 -[3-(am inoim inomethy l)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(4-methylbenzyl)amide trifluoroacetate; 

15 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(am inoim inomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-methylbenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
20 3(S)-pyrrolidin-3-yl}napthalene-2-ylmethylamide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-phenylallyl)amide trifluoroacetate; 

25 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-methylbenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(2-fluorobenzyl)amide trifluoroacetate; 

30 

2- Fluorobiphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo-3(S)- 
pyrrolidin-3-yl}methylamide trifluoroacetate; 

3- [{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7- 

35 methoxynaphthalene-2-sulfonyl)amino]propionamide trifluoroacetate; 
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2-[{1-f3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}naphth 
sutfonylamino]-N-phenethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3 : (S)-yl}biph 
5 sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethy!)benzyl]-2-oxopyrroiidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-ph.enethylacetamide trifluoroacetate; 

10 2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7^ 

methoxynaphthalene-2-sulfonylamino]-N-ethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N,N-dimethylacetamide trifluoroacetate; 

15 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-benzylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
20 methoxynaphthalene-2-sulfonylamino]-N-(2-p-toluylethyl)acetamide 
trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yI^ 
methoxynaphthalene-2-sulfonyIamino]-N-(3-phenylpropyl)acetamide 
25 trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}»7- 

methoxynaphthalene-2-sulfonylamino]-N-(4-methylbenzyl)acetamide 

trifluoroacetate; 

30 

2-[{1-[3-(Aminoiminomethyl)be 

methoxynaphthalene-2-sulfonylamino]-N-[2-(3-fluorophenyl)ethyl]acetam 
trifluoroacetate; 

35 2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-indan-2-ylacetamide trifluoroacetate; 
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2- [{H3-(Aminoiminomethyl)ben^ 

methoxynaphthalene-2-sulfonyIamino]-N-(2-pyridin-3-yl-ethyl)ace 
bistrifluoroacetate; 

5 4,5-Dichlorothiophene-2-suIfonic acid {1-[3«(aminoiminomethyl)ben2yl]-2-oxo- 
3(S)-pyrrolidii>3-yl}amide trifluoroacetate 

4,5-Dichlorothiophene -2-sulfonic acid {1-[3-(aminoiminomethyI)ben2yl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-methylamide trifluoroacetate; 

10 

4,5-Dichlorothiophene-2-sulfonic acid {1 -[3-(aminoiminomethyI)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}benzy!amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)ben2yi]-2-oxo- 
1 5 3(S)-pyrrolidin-3-yl}-2-cyclopropyIphenethylamide trifluoroacetate; 

3'-MethyI-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

20 3-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

3- [{1-[3-(Aminoiminomethyl)benzyl)-2-oxopyrrolidin-3(S)-3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]-2-methylacetamide trifluoroacetate; 

25 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyI)benzyl]-2-oxo- 
azetidin-3(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
30 azetidin-3(S)-yl}benzylamide trifluoroacetate; 

5,6,7 f 8-Tetrahydronaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)- 
benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

35 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(2-methoxybenzyl)amide trifluoroacetate; . . 



WO 96/40679 PCT/US96/0981 6 

19 



7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(3-methoxyben2yl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoimipomethyl)benzyl]-2-oxo- 
5 3(S)-pyrrolidin-3-yl}-(4-methoxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-2-ylmethyl)amide trifluoroacetate; 

10 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-3-ylmethyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-4-ylmethyl)amide trifluoroacetate; 

15 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(1 -benzyl- 1 H-imidazol-2-ylmethyl)amide trifluoroacetate; 

(1-Methyl-1H-imidazol-2-yl)benzene-4-sulfonic acid {1-[3- 
20 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(3-hydroxybenzyl)amide trifluoroacetate; 

25 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(2-hydroxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyrazol-3-ylmethyl)amide trifluoroacetate; 

30 

Quinoline-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate; 

4-Pyridin-4-ylbenzene sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
35 oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 
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7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(thiophene-2-ylmethyl)amide trifluoroacetate; 

4-Pyridin-3-y!benzene sulfonic acid {1-[3-(aminoiminpmethyl)benzyl]-2- 
5 oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 

N-Methylpyrid-4-ylphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
. oxopyrrolidin-3(S)-yl}amide trifluoroacetate; . 

10 2-Methoxyquinoline-7-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrro!idin-3-(S)-yl}amide trifluoroacetate; 

4-(6-Methoxypyridin-2-yl)benzene-4-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 

15 

4-(3-Chloropyridin-2-yloxy)benzene-4-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

4-(N-Oxidopyridin-3-yl)benzene-4-sulfonic acid {1-[3- 
20 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

4-Phenoxybenzene-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

25 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(thiophen-3-ylmethyl)amide trifluoroacetate; 

6-Methoxynaphthalene-2-sulfonic acid {1-[3-(methoxyaminoiminomethyl)- 
benzyl]-2-oxopyrrolidin-3-(S)-yl}methylamide trifluoroacetate; 

30 

6-Methoxynaphthalene-2-sulfonic acid {1-[3-(cyanoaminoiminomethyl)benzyl]- 
2-oxopyrrolidin-3-(S)-yl}methylamide trifluoroacetate; 

6-Methoxynaphthalene-2-sulfonic acid {1 -[3-(hydroxyaminoiminomethyl)- 
35 benzyl]-2-oxopyrroiidin-3-(S)-yl}-methylamide trifluoroacetate; 
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4-Amino-3-[3-(S)-(7-methox^ 
yl-methyl]benzamidine dihydrochloride; 

4-Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonylmethyIamino)-2 
5 oxopyrroIidin-1 -yl-methyl]benzamidine trifluoroacetate; 

N-(4-Carbamimidpyl-2-{3-[(7-methoxynaphthalene-2-sulfonyl)methylam 
oxopyrrolidin-1-(S)-ylmethyl}phenyl)acetamide trifluroacetate; 

10 4-Amino-3-[3-(S)-(4-tert-butylbenzenesulfonylamino)-2-oxopyrrolidin-1-yl- 
methyljbenzamidine trifluoroacetate; 

3- Amino-5-[3-(S)-(7-methoxynaphthalene-2-sulfonylamino)-2-oxopyTO 
yl-methyl]benzamidine bistrifluoroacetate; 

{4-(Aminoiminomethyl)-243-(7-methoxynaphthalene-2-sulfonyte 
oxopyrrolidin-1-ylmethyl]phenoxy}acetic acid methyl ester trifluoroacetate; 

{4-(Aminoiminomethyl)-2-[3-(7-methoxynaphthalene-2-sulfonylamin 
20 bxopyrrolidin-1-ylmethyl]phenoxy}acetic acid trifluoroacetate; 

2-Chloro-6-nitrophenoxybenzene sulfonic acid {1 -[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

25 4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylm 
thiophene-2-carboxamidine trifluoroacetate; 

4- {3-(S)-[(7-Methoxynaphthalene-2-sulfo^ 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

30 

2-[[1-(5-Carbamimidoylthiophe^ 

methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
35 ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 
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4- [3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2-oxo- 
pyrrolidin-1-ylmethyl]thiophene-2-carboxamidine trifluoroacetate; 

5- {3-(SH(7-Methoxynaphthalene-2-sufo^ 

5 ylmethyI}thiophene-3-carboxamidine trifluoroacetate; 

4-{3-(S)-[( 5-Chlo.ro-3-methy!benzo[b]thiophene-2-sulfonyl)ben2ylamino]-2- 
oxopyrroiidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

10 443-(S)-[(Methanesulfonyl)-(3-phenylpropyl)amino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(SH(MethanesulfonyI)(naptt^ 
ylmethyI}thiophene-2-carboxamidine trifluoroacetate; 

15 

4-{3-(S)-[(4,5-Dichlorothto^ 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[( 5-Chloro-3-methyIbenzo[b]thiophene-2-sulfonyl)methylamino]-2- 
20 oxopyrrolidin-1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene^ 

methoxynaphthalene-2-sulfonyI)amino)-N-phenethylacetamide trifluoroacetate; 

25 2-[[1-(5-Carbamimidoylthiophene-3-yto^ 

dichlorothiophene-2-sulfonyl)amino]-N-benzylacetamide trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7« 
methoxynaphthalene-2-sulfonyl)amino]-N-benzylacetamide trifluoroacetate; 

30 

2«[[1 -(4-Carbamimidoylt^ 

methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 



35 



2-[[1-(4-Carbamimidoylthiophene-2-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(5- 
chloro-3-methylbenzo[b]thiophene-2-sulfonyl)amino]acetic acid methyl ester; 
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4-{3-(S)-[(7-Aminonaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine bistrifluoroacetate; 

4^3-(SH(7-Aminonaphthaiene-2-^ 
5 ylmethyl}thiophene-2-carboxamidine bistrifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophe^ 

aminonaphthalene-2-sulfonyl)amino]acetamide bistrifluoroacetate; 

10 4-[3-(S)-( 6-Amino-5-chloro-2-sulfonylamino)-2-oxopyrroIidin-1-ylmethyl]- . 
thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(6-Amino-5-chloro-naphthalene-2-sulfonyl)methylamino]-2- 
oxopyrrolidin-1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

15 

2-[[1-(5-CarbamimidoyIthiophene-3-ylm^ 

amino-5-chloronaphthalene-2-sulfonyI)amino]acetamide trifluoroacetate; 

4- [3-(S)-(6-Aminonaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylm 
20 thiophene-2-carboxamidine dihydrochloride; 

5- [3-(S)-(7-Methoxynaphthalene-2-sulfonyl^^ 
thiophene-2-carboxamidine trifluoroacetate; 

25 5-{3-(S)-[(7-Methoxynaphthate^ 

ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

5-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzy!amino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

30 

[Amino-(4-{3-(S)-(7-methoxynaphtha(ene-2-sulfonyl)methylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-yl)methylene]carbamic acid methyl ester 
trifluoroacetate; 

35 4-{3-(SH(7-Methoxynaphtha1en^^ 

ylmethyl}thiophene-2-N-hydroxycarboxamidine trifluoroacetate; 
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4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmet 
pyridine-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-suifonyl)benzylamino]-2-oxopyrro 
5 ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-^ 
ylmethyI}pyridine-2-carboxamidine trifluoroacetate; 

10 4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]pyridine-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(5-Chloro-3-methylbenzo[b^^ 

oxopyrrolidin-l-ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

15 

2-{[1-(2-Carbamimidoylpyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino}acetamide trifluoroacetate; 

24[1-(2-Carbamimidoyl-pyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
20 methoxynaphthalene-2-sulfonyl)amino}-N-phenethyIacetamide 
trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)-thiophen-3-ylmethylamin 
oxopyrrolidin-1-ylmethyI}pyridine-2-carboxamidine trifluoroacetate; 

25 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)thiophen-3-ylmethylamino] 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4- {3-(S)-[(4-(6-Nitro-2-chto 

30 1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

5- {3-(S)-[(7-Methoxynaphthalene^ 
furan-2-carboxamidine trifluoroacetate; and 

35 4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]furan-2-carboxamidine trifluoroacetate. 
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Preferred compounds the group consisting essentially of include: 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate; 

5 

3'-Methoxy-biphenyl-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin«3-(S)-yl}amide trifluoroacetate; 

5-Pyrid-2-ylthiophene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
1 0 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyI]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

15 7-Aminonaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

5-Chloro-3-methyIbenzo[b]thiophene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyll"2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

20 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
25 methoxynaphthalene-2-sulfonylamino]-N-benzylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-(2-pyridin-3-y!-ethyl)acetamide 

bistrifluoroacetate; 

30 

4,5-Dichlorothiophene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

3'-Methyl-biphenyI-4-sulfonic acid {1 -[3-(aminoiminomethyI)benzyl]-2- 
35 oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 
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3- [{1-[3-(Aminoiminomethyl)benzyI]-2-oxopyrrolidin-3(S)-3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyI]-2-oxo- 
5 3(S)-pyrrolidin-3-yl}(pyridin-2-ylmethyl)amide trifluoroacetate; 

QuinoIine-6-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxopyrroIidin-3- 
(S)-yl}amide trifluoroacetate; 

10 4-Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonylamino)-2-oxopyrro^ 
yl-methyl]benzamidine dihydrochloride; 

4- Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonyl-methylamin 
oxopyrrolidin-1 -yl-methyl]benzamidine trifluoroacetate; 

15 

4-Amino-3-[3-(S)-(4-tert-butylbenzenesulfo^ 
methyl]benzamidine trifluoroacetate; 

{4-(Aminoiminomethyl)-2-[3-(7-methoxynaphthalene-2-sulfonylam 
20 oxopyrrolidin-1 -ylmethyl]phenoxy}acetic acid methyl ester trifluoroacetate; 

4-[3-(S)-(7-Methoxynaphthalene-2-sulfonyla^ 
thiophene-2-carboxamidine trifluoroacetate; 

25 4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)m 

ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl](7- 
methoxynaphthalene-2-suIfonyl)amino]acetamide trifluoroacetate; 

30 

4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene«2-sulfonylamino)-2-oxo- 
pyrrolidin-1-ylmethyl]thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[( 5-Chloro-3-methylbenzo[b]thiophene-2-sulfonyl)methylamino]-2- 
35 oxopyrrolidin-1 -ylmethyI}thiophene-2-carboxamidine trifluoroacetate; 
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2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide trifluoroacetate; 

[Amino-(4-{3-(S)-(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 
5 oxopyrrolidin-1-ylmethyl}thiophene-2-yl)methylene]carbamic acid methyl ester 
trifluoroacetate; 

4-{3-(S)-[(6-Amino-5-chloro-naphthalene-2-sulfonyl)methylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

10 

4-[3-(S)-( 6-Amino-5-chloro-2-sulfonylamino)-2-oxopyrrolidin-1-yimethyl]- 
thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(7-Aminonaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
15 ylmethyl}thiophene-2-carboxamidine bistrifluoroacetate; 

4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
pyridine-2-carboxamidine trifluoroacetate; 

20 4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

2-{[1-(2-Carbamimidoyl-pyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino}-N-phenethylacetamide 
25 trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)thiophen-3-ylmethylamino]-2- 
oxopyrrolidin-1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate; and 

30 4-{3-(S)-[(4-(6-Nitro-2-chiorophenoxy)benzenesulfonyl)amino]-2-oxopyrrolidin- 
1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 



35 



Compounds of formula I may be prepared by the application or 
adaptation of known methods, by which is meant methods used heretofore or 
described in the literature. 
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A preparative embodiment according to the invention for preparing a 
compound of formula I 



*3 1 4 I 




(I) 



10 



wherein Ar 1 , R, R„ R 2 , X 3 , X 4 , X 5 , X s ., X 6 , Xg., m and n are as defined above, and 
X, and X r are hydrogen and X 2 and X 2 ., taken together are oxo, may be 
prepared by reacting a compound of formula II 



O H 



(ID 



15 



wherein X 3 , X 4 and m are as defined above, and Pi is alkyl, aralkyl, or aryl, and 
P2 is (alkyl, aralkyl, or aryl)carbamate, by reductive amination using a 
cyano(phenyl or heteroaryl)alkylamine of formula III 



(III) 



wherein Ar 1 , X 6 , X 6 , and n are as defined above, in an alcoholic solvent such as 
20 methanol and an imine reducing reagent such as sodium cyanoborohydride, 
sodium triacetoxyborohydride or catalytic hydrogenation using for example 
palladium at a temperature from about 0°C to about 100°C to give the cyclic 
structure represented by formula IV. 
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wherein Ar\ X 3 , X 4 , Xs, X^, m and n are as defined above, and X, and X r are 
5 hydrogen, X 2 and X 2 ., taken together are oxo, and P2 is (alkyl, aralkyl, or 

aryl)carbamate. The P2 group is then removed by the appropriate deblocking 
procedures known for carbamates such as strong acid, strong base or catalytic 
hydrogenation to give compounds of formula V. 



10 




wherein Ar\ X 3 , X 4 , X 6 , X 6 ., m and n are as defined above, and X n and X r are 
hydrogen, and X 2 and Xj,,, taken together are oxo. The amine of the compound 
of formula V is then coupled to any of the groups represented by formulae Via 
15 orVlb 

R 3 S(0) p Halo or R 3 R 4 NS(0) p Halo; 
(Via) (Vlb) 

20 where R 3 , R 4 , and p are as defined above, and Halo is a halogen atom such as 
chloro, using a base such as a trialkyiamine in an inert solvent such as 
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dichloromethane, tetrahydrofuran, ether or acetonitrile at temperatures from 
about 0°C to about 100°C in the presence or absence of an activating agent 
such as dimethyl aminopyridine (DMAP) to give compounds of formulae Vila or 
Vllb. 

5 




(Vila) (Vllb) 



wherein Ar\ R 3 , R 4I X 3 , X 4 , X 6f X^, m, n and p are as defined above, and X 1 and 
10 X r are hydrogen, X 2 and X;,., taken together are oxo. Compounds represented 
by formulae Vila or Vllb may be converted to the corresponding imidate ester 
by the use of an alcoholic solvent such as ethanol saturated with hydrogen 
chloride (gas). The resulting product is then dissolved in an alcoholic solvent 
such as methanol saturated with ammonia to give compounds of formula I, 
15 wherein X 5 and X 5 . taken together are =NH. Alternatively, compounds of 
formula VII can be dissolved in a solution of pyridine containing a tertiary 
amine base such as triethyl amine saturated with hydrogen sulfide at a 
temperature from about 0°C to about 60°C. -The resulting product is then 
dissolved in an organic solvent such as acetone and reacted with an alkyl 
20 halide such as methyl iodide at a temperature 0°C to about 80°C. The 

resulting product is then dissolved in an alcoholic solvent such as methanol 
and reacted with ammonium acetate to give compounds of formula I, wherein 
X 5 and X 5 . taken together are =NH. 

25 When X, and X r are O, and Xg and X 2 ., are independently selected from 

hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally 
substituted aralkyl, optionally substituted heteroaryl, optionally substituted 
heteroaralkyl or hydroxyalkyl, compounds of formula I may be prepared starting 
with may be prepared by reacting a compound of formula VIII 
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0 




wherein X 3 , X 4 and m are as defined above, is hydrogen, optionally 
5 substituted alkyl, optionally substituted aryl, optionally substituted aralkyl, 
optionally substituted heteroaryl, optionally substituted heteroaralkyl, 
carboxyalkyl, alkoxycarbonylalkyl or hydroxyalkyl, and Pi is alkyl, aralkyl, or 
aryl, and P2 is (alkyl, aralkyl, or aryl)carbamate, with a compound of formula III 
as defined above in an analogous fashion to the reaction of the compound of 

1 0 formula II with a compound of formula III. The product of the reaction of 

compounds of formulae VIII and III yields a compound of formula IV wherein 
Ar\ X 3 , X 4 , X 6 , X 6 . ? m and n are as defined above, and X 1 and X r taken together 
are oxo, one X 2 and X 2 ., is hydrogen and the other of X 2 and X 2 . is hydrogen, 
optionally substituted alkyl, optionally substituted aryl, optionally substituted 

15 aralkyl, optionally substituted heteroaryl, optionally substituted heteroaralkyl or 
hydroxyalkyl, and P2 is an (alkyl, aralkyl or aryl)carbamate. That compound of 
formula IV may then be converted to a compound of formula V and then on to 
compounds of formulae Vila and Vllb wherein Ar\ R 3 , R 4> X 3 , X 4 , X,,, X^, m, n 
and p are as defined above, and X, and X v are oxo, and one X 2 and X 2 ., is 

20 hydrogen and the other of X 2 and X 2 , is hydrogen, optionally substituted alkyl, 
optionally substituted aryl, optionally substituted aralkyl, optionally substituted 
heteroaryl, optionally substituted heteroaralkyl, or hydroxyalkyl in an 
analogous procedure to that given for the conversion of a compound of formula 
IV to a compound of formula V which is then converted to compounds of 

25 formulae Vila or Vllb. 



Alternatively, compounds of formula V and formula IV may be converted 
to a compounds of formula I as follows. Compounds of formulae IV or V are 
30 treated with an alcoholic solvent such as ethanol saturated with HCL The 
resulting product is then treated with an alcoholic solvent such as methanol 
saturated with ammonia to give respectively a compound of formula IX or X 



WO 96/40679 



32 



PC7VUS96/09816 




(=NH)NH 2 



wherein Ar 1 , X 1? X r , X 2 , Xg., X 3 , X 4 , X 6 , X 6 ., P 2> m and n are as defined above. A 
compound of formula IX may then be converted to a compound of formula X by 
an appropriate deblocking procedure described above. A compound of 
formula X may then be dissolved in an organic solvent such as ethanol or 
dimethylformamide and compounds of formulae Via or Vlb are added at a 
temperature from about 0°C to about 100°C in the presence or absence of an 
activating reagent such as DMAP with a sulfonylchloride to give compounds 
represented by formula I. 

Alternatively a compound of formula I may be prepared starting with a 
compound of formula XI. 

15 




wherein X„ X r , X Xj,., X 3 , X 4 , X 6 , X,,., m and P 2 are as defined above. A 
20 compound of formula XI is dissolved in an inert organic solvent such as 
tetrahydrofuran at a temperature from about -78°C to about 25°C. To that 
solution is added a strong base such as sodium hydride, lithium 
hexamethyldisilylazide, or lithium diisopropyl amine, followed by the addition of 
a compound of formula XII 



5 



10 



25 
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wherein X 6 , and n are as defined above, and halo is a halogen atom such 
as chloro bromo or iodo to give a compound of formula IV which is then 
5 converted to a compound of formula I as described above. 

A compound of formula I in which R is other than hydrogen may be 
prepared starting with compounds of formulae Vila or Vllb. Compounds of 
formulae Vila or Vllb may be dissolved in an inert organic solvent such as 
1 0 tetrahydrofuran, dioxane, or dimethyl formamide at a temperature of about 0°C 
to about 100°C. To the resulting solution is added a base such as sodium 
hydride or potassium carbonate and a compound of formula XIII. 

R-Halo 

15 XIII 

wherein R is as defined above except for hydrogen and halo is a halogen such 
as chloro or bromo. The product of this preparation is a compound of formula 
XIV. 

20 




(XIV) 



wherein R 1t X,, X v , X Xj., X 3 , X 4l X 6 , Xg., m and n are as defined above, and R is 
optionally substituted alkyl, optionally substituted aralkyl, optionally substituted 
25 heteroaralkyl or hydroxyalkyl. A compounds of formula XIV is then converted to 
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a compound of formula I as described above, that contains a -C(=NH)NH 2 
moiety. 

Alternatively, a compound of formula XIV may be treated with an 
5 alcoholic solvent such as ethanol saturated with HCI. The resulting product is 
then treated with an alcoholic solvent such as methanol saturated with an 
alkylamine, hydrazine or alkoxyamine to give a compound of formula I wherein 
R, R v X 2 , X^, X 3 , X 4 , X 6 , X 6 ., m and n are as defined above, X s and X 5 . taken 
together are =NR 5 ; R 2 and R 5 are independently hydrogen or alkyl, or when one 
10 of R 2 or R s is hydrogen, then the of R 2 or R 5 may be alkoxy or amino. A 

compound of the formula I wherein X s and X 5 . taken together are =NR 5 and R 5 
is nitro may be prepared by standard nitrating reactions on a compound of 
formula I wherein X 6 and X 5 . taken together are =NR 5 and R 5 is hydrogen. 

1 5 A compounds of formula I wherein X 5 and X 5 . taken together are =NR 5 

and R 5 is R 6 0 2 C, R 6 CO or cyano may be prepared from compounds of formula I 
wherein Xg and X s . taken together are =NR 5 wherein R 5 is hydrogen. For 
example, the amidine species is treated with an alkyl chloroformate in an 
appropriate solvent such as methylene chloride or dimethyl formamide in the 

20 presence of a base such as a trialkylamine to give a compound of formula I 
wherein R 5 is R 6 0 2 C. Similarly, the amidine may be treated with an acylating 
species such as an acyl chloride in the presence of a base such as 
trialkylamine to give compounds of formula I wherein R 5 is R 6 OC. Alternatively, 
compounds wherein R 5 is cyano may be prepared by treatment of the amidine 

25 with cyanogen bromide and a trialkyl amine in an appropriate an alcoholic 
solvent. 

A compound of formula I wherein X 6 and X 5 . are hydrogen may be 
prepared by reduction of compounds of formulae Vila, Vllb or XIV using 
30 hydrogenation in an appropriate solvent such as methanol in the presence of a 
catalyst such as rhodium on alumina. This transformation may also be 
achieved using a hydride reagent such as diisobutyl aluminum hydride to give 
a compound of formula I wherein X s and X 5 . are hydrogen. 

35 The compounds of the present invention are useful in the form of the free 

base or acid or in the form of a pharmaceutical^ acceptable salt thereof. All 
forms are within the scope of the invention. 
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Where the compound of the present invention is substituted with a basic 
moiety, acid addition salts are formed and are simply a more convenient form 
for use; and in practice, use of the salt form inherently amounts to use of the 
5 free base form. The acids which can be used to prepare the acid addition salts 
include preferably those which produce, when combined with the free base, 
pharmaceutical^ acceptable salts, that is, salts whose anions are non-toxic to 
the patient in pharmaceutical doses of the salts, so that the beneficial inhibitory 
effects on the activity of Factor Xa inherent in the free base are not vitiated by 

10 side effects ascribable to the anions. Although pharmaceutical^ acceptable 
salts of said basic compounds are preferred, all acid addition salts are useful 
as sources of the free base form even if the particular salt, per se, is desired 
only as an intermediate product as, for example, when the salt is formed only 
for purposes of purification, and identification, or when it is used as 

15 intermediate in preparing a pharmaceutically acceptable salt by ion exchange 
procedures. Pharmaceutically acceptable salts within the scope of the 
invention are those derived from the following acids: mineral acids such as 
hydrochloric acid, sulfuric acid, phosphoric acid and sulfamic acid; and organic 
acids such as acetic acid, citric acid, lactic acid, tartaric acid, malonic acid, 

20 methanesufonic acid, ethanesulfonic acid, benzenesulfonic acid, p- 

toluenesulfonic acid, cyclohexylsulfamic acid, quinic acid, and the like. The 
corresponding acid addition salts comprise the following: hydrohalides, e.g. 
hydrochloride and hydrobromide, sulfate, phosphate, nitrate, sulfamate, 
acetate, citrate, lactate, tartarate, malonate, oxalate, salicylate, propionate, 

25 succinate, fumarate, maleate, methylene-bis-B-hydroxynaphthoates, 

gentisates, mesylates, isethionates and di-p-toluoyltartratesmethanesulfonate, 
ethanesulfonate, benzenesulfonate, p-toluenesulfonate, cyclohexylsulfamate 
and quinate, respectively. 

30 According to a further feature of the invention, acid addition salts of the 

compounds of this invention are prepared by reaction of the free base with the 
appropriate acid, by the application or adaptation of known methods. For 
example, the acid addition salts of the compounds of this invention are 
prepared either by dissolving the free base in aqueous or aqueous-alcohol 

35 solution or other suitable solvents containing the appropriate acid and isolating 
the salt by evaporating the solution, or by reacting the free base and acid in an 
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organic solvent, in which case the salt separates directly or can be obtained by 
concentration of the solution. 

The compounds of this invention may be regenerated from the acid 
5 addition salts by the application or adaptation of known methods. For example, 
parent compounds of the invention can be regenerated from their acid addition 
salts by treatment with an alkali, e.g. aqueous sodium bicarbonate solution or 
aqueous ammonia solution. 

1 0 Where the compound of the invention is substituted with an acidic 

moiety, base addition salts may be formed and are simply a more convenient 
form for use; and in practice, use of the salt form inherently amounts to use of 
the free acid form. The bases which can be used to prepare the base addition 
salts include preferably those which produce, when combined with the free 

1 5 acid, pharmaceutical^ acceptable salts, that is, salts whose cations are non- 
toxic to the animal organism in pharmaceutical doses of the salts, so that the 
beneficial inhibitory effects on the activity of Factor Xa inherent in the free acid 
are not vitiated by side effects ascribable to the cations. Pharmaceutically 
acceptable salts, including for example alkali and alkaline earth metal salts, 

20 within the scope of the invention are those derived from the following bases: 
sodium hydride, sodium hydroxide, potassium hydroxide, calcium hydroxide, 
aluminum hydroxide, lithium hydroxide, magnesium hydroxide, zinc hydroxide, 
ammonia, ethylenediamine, N-methyl-glucamine, lysine, arginine, ornithine, 
choline, N.N'-dibenzylethylenediamine, chloroprocaine, diethanolamine, 

25 procaine, N-benzylphenethylamine, diethylamine, piperazine, 

tris(hydroxymethyl)aminomethane, tetramethylammonium hydroxide, and the 
like. 

Metal salts of compounds of the present invention may be obtained by 
30 contacting a hydride, hydroxide, carbonate or similar reactive compound of the 
chosen metal in an aqueous or organic solvent with the free acid form of the 
compound. The aqueous solvent employed may be water or it may be a 
mixture of water with an organic solvent, preferably an alcohol such as 
methanol or ethanol, a ketone such as acetone, an aliphatic ether such as 
35 tetrahydrofuran, or an ester such as ethyl acetate. Such reactions are normally 
conducted at ambient temperature but they may, if desired, be conducted with 
heating. 
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Amine salts of compounds of the present invention may be obtained by 
contacting an amine in an aqueous or organic solvent with the free acid form of 
the compound. Suitable aqueous solvents include water and mixtures of water 
5 with alcohols such as methanol or ethanol, ethers such as tetrahydrofuran, 
nitriles such as acetonitrile, or ketones such as acetone. Amino acid salts may 
be similarly prepared. 

The base addition salts of the compounds of this invention can be 
1 0 regenerated from the salts by the application or adaptation of known methods. 
For example, parent compounds of the invention can be regenerated from their 
base addition salts by treatment with an acid, e.g. hydrochloric acid. 

Salt forms according to invention also include compounds having a 
15 quarternarized nitrogen. The quarternarized salts are formed by methods such 
as by alkylation of a sp 3 or sp 2 hybridized nitrogen in the compounds. 

As will be self-evident to those skilled in the art, some of the compounds 
of this invention do not form stable salts. However, acid addition salts are most 
20 likely to be formed by compounds of this invention having a nitrogen- 
containing heteroaryl group and/or wherein the compounds contain an amino 
group as a substituent. Preferable acid addition salts of the compounds of the 
invention are those wherein there is not an acid labile group. 

25 As well as being useful in themselves as active compounds, salts of 

compounds of the invention are useful for the purposes of purification of the 
compounds, for example by exploitation of the solubility differences between 
the salts and the parent compounds, side products and/or starting materials by 
techniques well known to those skilled in the an". 

30 

Compounds of the present invention may contain asymmetric centers. 
These asymmetric centers may independently be in either the R or S 
configuration. It will also be apparent to those skilled in the art that certain 
compounds of formula I may exhibit geometrical isomerism. Geometrical 
35 isomers include the cis and trans forms of compounds of the invention having 
alkenyl or diazenyl (azo) moieties. The present invention comprises the 
individual geometrical isomers and stereoisomers and mixtures thereof. 
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Such isomers can be separated from their mixtures, by the application or 
adaptation of known methods, for example chromatographic techniques and 
recrystallization techniques, or they are separately prepared from the 
5 appropriate isomers of their intermediates, for example by the application or 
adaptation of methods described herein. 

The starting materials and intermediates are prepared by the application 
or adaptation of known methods, for example methods as described in the 
1 0 Reference Examples or their obvious chemical equivalents. 

The present invention is further exemplified but not limited by the 
following examples which illustrate the preparation of the compounds 
according to the invention. 

15 

In the nuclear magnetic resonance spectra (NMR) the chemical shifts 
are expressed in ppm relative to tetramethylsilane. Abbreviations have the 
following significance: s=singlet; d=doublet; t=triplet; m=multiplet; dd=doublet 
of doublets; ddd=doublet of doublets of doublets; dt=doublet of triplets, 
20 b=broad, bs=broad singlet, q=quartet, AB=AB pattern. 

EXAMPLE 1 

Naohthalene-2-sulfonic acid (1-r3-fcminoimin omethynbenzvn-2-oxoDvrrolidin- 
3-(S)-vllamide trifluoroacetate. 

25 

A. BocL.Asp(t-n.QBn. 

Boc-L-Asp-OBn (15 g, 46.4 mmol) is dissolved in 50 mL of THF and cooled to 
-10°C. The solution is treated with N-methylmorpholine (4.9 g, 48.7 mmol) and 
stirred for 5 minutes. To the solution is added dropwise isobutyl chloroformate 

30 (6.3 g, 46.4 mmol). After the addition is completed, the solution is stirred for 1 
minute, then filtered through a pad of Celite. The collected solution is cooled to 
-10°C. To the solution is added sodium borohydride (2.63 g, 70 mmol) 
predissolved in 50 mL of water. The solution is stirred for 2 minutes. The 
solution is poured into a separator/ funnel and diluted with 800 mL of EtOAc. 

35 The organic layer is washed with water and saturated NaCI. The organic layer 
is dried over MgS0 4 , filtered and concentrated. The resulting residue is added 
to a solution of oxalyl chloride (30 mL of a 2 M solution in CH 2 CI 2 , 60 mmol), 
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and methyl sulfoxide (7.25 g, 92.8 mmol) in 250 mL of CH 2 CI 2 at -78°C. The 
reaction mixture is stirred at -78°C for 40 minutes, then triethylamine (1 4 g, 1 40 
mmol) is added. The reaction mixture is stirred at -78°C for 1 hour and then is 
stirred at room temperature for 30 minutes. The solution is poured into 200 mL 
5 of a 20% citric acid/water solution. The resulting mixture is poured into a 
separatory funnel and the layers are separated. The organic layer is washed 
with water and saturated NaCI. The organic layer is dried over MgS0 4 . filtered 
and concentrated. The residue is purified by column chromatography eluting 
with a gradient of 10% EtOAc/hexanes to 30% EtOAc/hexanes. The product 
10 aldehyde (12 g, 39 mmol) is obtained as an oil. 

1 H NMR (CDCI 3 , 300 MHz) 5 9.68 (s, 1H), 7.32 (m, 4H), 5.42 (bs, 1H), 5.16 (s, 
2H), 4.62 (m, 2H), 3.05 (ddd, 2H), 1.40 (s, 9H). 

B. n-(3-CvanQ ben2vl)-2-oxopvrrolidin-3-fS)-vncarbamic acid tert-butvl PstPr 
15 To a solution of Boc-L-Asp(H)-OBn (1 3.5 g, 44 mmol) dissolved in 75 mL of 

methanol is added m-cyanobenzylamine hydrochloride (7.4 g, 44 mmol) and 
triethylamine (4.7 g, 46 mmol). The solution is stirred for 30 minutes. After this 
time, a solution of sodium cyanoborohydride (3 g, 48.4 mmol) and zinc chloride 
(3.3 g, 24.2 mmol) in 30 mL of MeOH is added. The mixture is stirred for an 

20 additional 2 hours. After this time, 20 mL of 1 N NaOH and 100 mL of water is 
added, and the resulting mixture is concentrated. The residue is treated with 
100 mL of water and 800 mL of EtOAc. The solution is filtered through a pad of 
Celite, poured into a separatory funnel and the layers are separated. The 
organic layer is washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The 

25 organic layer is dried over MgS0 4 , filtered and concentrated. The residue is 
purified by column chromatography eluting with a gradient of 20% 
EtOAc/CH 2 CI 2 to 40% EtOAc/CH 2 CI 2 to give the title compound (9.1 g, 29 mmol) 
as a white solid. 

1 H NMR (CDCI3, 300 MHz) 6 7.55 (m, 4H), 5.18 (bs, 1H), 4.47 (AB, 2H), 4.18 
30 (dd, 1H), 3.21 (m, 2H), 2.60 (m, 1H), 1.88 (m, 1H), 1.42 (s, 9H). 

C. 3-f3-fSVAmino-2-oxopyrrolidin-1-ylmethynbenzonitrile hydrochloride. 

To a solution of [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]carbamic acid tert- 
butyl ester (9.1 g, 29 mmol) in 150 mL of EtOAc at 0°C is bubbled HCI gas for 
35 1 0 minutes. After this time, the solution is stirred for 4 hours. The solution is 
then concentrated to give the title compound (7.3 g, 29 mmol) as a white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 8 8.71 (bs, 3H), 7.85 (m, 2H), 7.70 (m, 2H), 4.58 
(AB, 2H), 4.13 (m, 1H), 3.32 (m, 2H), 2.44 (m, 1H), 2.18 (m, 1H). 

D. Naphthalene-2-sulfonic acid M-(3-cvanob enzyn-2 y oxopvrrolidin-3-(SV 
5 yljamide. 

3-(3-(S)-Amino-2-oxopyrrolidin-1-ylmethyl)benzonitrile hydrochloride (0.4 g, 
1.6 mmol) is suspended in 10 mL of CH 2 CI 2 . To the solution is added 
triethylamine (0.49 g, 4.8 mmol) followed by 2-naphthalene sulfonyl chloride 
(0.4 g, 1.8 mmol). After stirring for 2 hours, the solution is diluted with CH 2 CI 2 . 

10 The solution is washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The 
organic layer is dried over MgS0 4 , filtered and concentrated. The residue is 
triturated with ether to give the title compound (0.46 g, 1.13 mmol) as a solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 8.56 (d, 1H), 8.32 (d, 1H), 8.20 (m, 3H), 8.09 
(m, 1H), 7.93 (d, 1H), 7.74 (m, 3H),7.48 (d, 2H), 4.38 (AB, 2H), 4.17 (m, 1H), 

1 5 3.05 (m, 2H), 2.02 (m, 1 H), 1 .57 (m, 1 H). 

E. Naphthalene-2-sulfonic acid (1.r3-fcminoiminomethvnbenzvll-2- 
pxppyrrQlidin-3-(S)-yl}amide trifluprpacefcte, 

Naphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
20 (0.46 g, 1.13 mmol) is dissolved in 50 mL of ethanol. The solution is cooled to 
0°C and HCI gas is bubbled through the solution for 10 minutes. The ice bath 
is removed and the reaction mixture is stirred at room temperature for 6 hours. 
After this time, the solution is concentrated. The residue is dissolved in 50 mL 
of methanol. The solution is cooled to 0°C and ammonia gas is bubbled 
25 through the solution for 10 minutes. The reaction mixture is stirred for 24 hours. 
After this time, the solution is concentrated. The residue is purified by RP- 
HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 
CH 3 CN/H 2 0 (0.1% TFA). The appropriate fractions are lyophilized to give the 
title compound (0.33 g, 0.61 mmol) as a solid. 
30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.14 (bs, 2H), 8.50 (s, 1H), 8.28 
(d, 1H), 8.13 (m, 3H), 8.04 (d, 1H), 7.91 (d, 1H), 7.80 (m, 3H), 7.62 (d, 2H), 4.42 
(AB, 2H), 4.18 (m, 1H), 3.10 (m, 2H), 2.00 (m, 1H), 1.57 (m, 1H). FAB MS, 
[M+H] + =423. Elemental analysis calculated with 1.5 mole of H 2 0: C=51.15%, 
H=4.65%, N=9.94%, found C=51.16%, H=4.19%, N=9.61%. 

35 

EXAMPLE 2 
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Dibenzofuran-2-sulfonic acid {1-[3-fcminoiminomethyn benzvt1-5-oxoDvrrolidin- 
3-yl}amide trifluoroacetate. 

A. Boc-AspfOBnVH. 

5 The title compound is prepared as in EXAMPLE 1, Part A, using Boc-Asp(OBn)- 
OH in place of Boc-L-Asp-OBn. 

1 H NMR (CDCI 3 , 300 MHz) 8 9.67 (s, 1H), 7.32 (m, 5H), 5.60 (bs, 1H), 5.12 
(AB, 2H), 4.40 (m, 1H), 3.94 (AB, 1H), 3.72 (AB, 1H), 1.41 (s, 9H). 

10 B. n-(3-Cvanobenzvn-5-oxoDvrrolidin-3-vl]carbamic acid tert-butyl ester. 

The title compound is prepared as in EXAMPLE 1, Part B using Boc-Asp(OBn)- 
H in place of Boc-Asp(H)-OBn. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.65 (d, 1H), 7.61 (s, 1H), 7.52 (m, 2H), 4.82 (bs, 
1H), 4.51 (s, 2H), 4.22 (m, 1H), 3.53 (q, 1H), 3.16 (dd, 1H), 2.83 (AB, 1H), 2.33 
15 (AB, 1H), 1.40 (s, 9H). 

C. 3-f3-Amino-5-oxoDvrrolidin-1-vlmethynbe nzonitrile hydrochloride. 
The title compound is prepared as in EXAMPLE 1, Part C using [1-(3- 
cyanobenzyl)-5-oxopyrrolidin-3-yl]carbamic acid fe/t-butyl ester in place of 
20 [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]carbamic acid tert-butyl ester. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 8.5 (bs, 3H), 7.72 (m, 2H), 7.61 (m, 1H), 7.55 
(m, 1H), 4.46 (AB, 2H), 3.89 (m, 1H), 3.57 (q, 1H), 3.30 (dd, 1H), 2.78 (AB, 1H), 
2.42 (AB, 1H). 

25 D. Dibenzofuran-2-sulfonic acid f1-( 3»cyanobenzvn-5-oxopvrrolidin-3. 
yljamide, 

The title compound is prepared from 3-(3-amino-5-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1, Part D using 2- 
dibenzofuransulfonyl chloride in place of 2-naphthalene sulfonyl chloride. The 
30 crude product is purified by column chromatography in a gradient of CH 2 CI 2 to 
5% MeOH/CH 2 CI 2 . 

1 H NMR (CDCI3, 300 MHz) 8 8.45 (d, 1H), 7.91 (m, 2H), 7.61 (m, 2H), 7.58 (d, 
1H), 7.44 (m, 5H), 5.55 (m, 1H), 4.42 (AB, 2H), 4.09 (m, 1H), 3.50 (dd, 1H), 3.21 
(dd, 1H), 2.62 (dd, 1H), 2.29 (dd, 1H). 

35 

E. Dibenzofuran-2-sulfonic acid {1»[3-feminoiminomethynbenzvp-5- 
oxopyrrolidin-3-yl)amide trifluoroacetate. 
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Hydrogen sulfide gas is bubbled through a solution of dibenzofuran-2-sulfonic 
acid [1-(3-cyanobenzyl)-5-oxopyrrolidin-3-yl]amide (0.44 g, 0.99 mmol) in 
10 mL of 10:1 pyridine/triethylamine. After stirring the pale green solution for a 
period of 18 hours, the reaction mixture is concentrated in vacuo. The residue 
5 is diluted in EtOAc and 0.5 N HCI solution. The layers are separated and the 
organic phase is washed with saturated NaCI. The organic layer is dried over 
anhydrous MgS0 4 , filtered and concentrated to give crude thioamide. To a 
solution of thioamide in 20 mL of acetone is added methyl iodide (2 mL, 32 
mmol). The resulting mixture is heated at reflux for 1 hour, allowed to cool to 

10 room temperature and concentrated in vacuo to provide the crude thioimidate 
hydroiodide. To a solution of thioimidate hydroiodide in 20 mL of MeOH is 
added ammonium acetate (0.3 g, 3.89 mmol). The resulting mixture is heated 
at reflux for 3.5 hours, allowed to cool to room temperature and concentrated in 
vacuo to provide the crude amidine salt. The crude product is purified by RP- 

15 HPLC eluting in a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 
(0.1 % TFA) and the appropriate product fractions are lyophilized to provide the 
title compound (0.21 g, 0.36 mmol) as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (s, 4H), 8.64 (s, 1H), 8.24 (d, 1H), 8.13 (d, 
1H), 7.91 (m, 2H), 7.84 (d, 1H), 7.60 (m, 6H), 4.39 (AB, 2H), 3.91 (m, 1H), 3.41 
20 (dd, 1 H), 3.08 (dd, 1 H), 2.46 (dd, 1 H), 2.1 3 (dd, 1 H). FAB MS, [M+H] + =463. 
Elemental analysis calculated with 2.3 mole of H 2 0: C=50.50%, H=4.51%, 
N=9.06%; found C=50.49%, H=3.66%, N=8.61%. 

EXAMPLE 3 

25 Toluene-4-sulfonic acid f1-r3-faminoi minomethvnbenzvl]-2-nyopvrrolidin-3. 
(SWI)amide triflunrnarptatft, 

A- Toluene-4-sulfonic acid ri-f3~cvanobenzyn .2-oxopyrrolidin-3-rSVvl)amide. 
The title compound is prepared as in EXAMPLE 1, Part D using toluene 
30 sulfonyl chloride in place of 2-naphthalene sulfonyl chloride. 

'H NMR (DMSO-d 6 , 300 MHz) d 8.08 (d, 1H), 7.78 (m, 3H), 7.62 (s, 1H), 7.51 
(d, 2H), 7.33 (d, 2H), 4.40 (AB, 2H), 4.05 (m, 1H), 3.05 (m, 2H), 2.36 (s, 3H), 
1.97 (m, 1H), 1.57 (m, 1H). 

35 B. Toluene-4-sulfonic acid {1-[3-(a minoiminQmethvnbenzyl]-2-Qxopvrrolidin.3- 
(SWI)amide trifluoroacetate. 
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The title compound is prepared as in EXAMPLE 1 , Part E using toluene-4- 
sulfonic acid [1-[3-(cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide as the starting 
material. 

1 H NMR (DMSO-d 6 , 300 MHz) d 9.27 (bs, 2H), 9.10 (bs, 2H), 8.03 (d, 1H), 
5 7.79 (d, 2H), 7.68 (m, 1 H), 7.59 (m, 4H), 7.40 (d, 2H), 4.44 (AB, 2H), 4.12 (m, 
1H), 3.08 (m, 1H), 2.38 (s, 3H), 2.04 (m, 1H), 1.58, (m, 1H). FAB MS, 
[M+H] + =355. Elemental analysis calculated with 1 .25 mole of H 2 0: C=48.23%, 
H=4.59%, N=10.39%, found C=48.15%, H=4.59%, N=10.39%. 

10 EXAMPLE 4 

3.4-Dihydro-1 H-isoquinoline-2-sulfonic acid {1 -f3-faminoiminomethvnbenzyl]- 
2.oxopvrrolidin-3-fS^-yl)amide trifluoroacetate. 

A. 3.4-Dihvdro-1H-isoquinoline-2-sulfonic ac id ri-(3-cyanobenzvn-2- 

15 oxopyrrolidin-3-(S)-yl1amider 

A 1 M solution of sulfuryl chloride (14.1 mL, 14.1 mmol) in CH 2 CI 2 is cooled to 
0°C. To the solution is added triethylamine (0.71 g, 7.1 mmol) dropwise. 
1 ,2,3,4-Tetrahydroisoquinoline (0.94 g, 7.1 mmol) is then added dropwise. The 
ice bath is removed and the solution is stirred for 2 hours. The solution is 

20 diluted with CH 2 CI 2 and poured into an ice bath. The layers are separated. 
The organic layer is washed with 1 N HCI and saturated NaCI. The organic 
layer is dried over MgS0 4 , filtered and concentrated. To the crude residue 
dissolved in 10 mL of CH 2 CI 2 is added 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride (0.5 g, 2 mmol). Triethylamine (0.4 g, 4 

25 mmol) is added and the mixture is stirred for 16 hours. The reaction mixture is 
diluted with EtOAc and washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. 
The residue is purified by column chromatography eluting with a gradient of 
10% EtOAc/CH 2 CI 2 to 15% EtOAc/CH 2 CI 2 to give the title compound (0.15 g , 
0.36 mmol) as a solid. 

30 1 H NMR (CDCI 3 , 300 MHz) 8 7.62 (m, 1H), 7.62 (s, 1H), 7.58 (d, 2H), 7.18 (m, 

4H), 7.09 (m, 2H), 5.10 (bs, 1H), 4.46 (AB, 2H), 4.08 (m, 1H), 3.65 (m, 2H), 3.22 
(m, 2H), 3.02 (m, 2H), 2.61 (m, 1H), 2.05 (m, 1H). FAB MS, [M+H] + =411. 

B. 3.4-Dihydro-1H-isoquinoline- 2-sulfonic acid (1-f3- 

35 faminoiminomethyl)benzyH-2-oxoDyrrolidin-3-fS)-yl}amide trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 1 , Part E using 
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3,4-dihydro-1 H-isoquinoline-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide as the starting material. 

<H NMR (DMSO-d 6 , 300 MHz) 6 9.29 (bs, 2H), 9.13 (bs, 2H), 7.86 (d, 1H), 7.66 
(m, 2H) f 7.52 (m, 2H), 7.14 (m, 4H), 4.47 (AB, 2H), 4.33 (AB, 2H), 4.12 (m, 1H), 
5 3.43 (m, 2H), 3.18 (m, 2H), 2.88 (m, 2H), 2.30 (m, 1H), 1.77 (m, 1H). FAB MS, 
[M+H] + =428. Elemental analysis calculated with 2 mole of H 2 0: C=47.83%, 
H=5.24%, N=12.13%, found C=47.43%, H=4.88%, N=11.63%. 

EXAMPLE 5 

10 ff-Methoxv-biphenvM-sulfonic acid {1- r3-(aminoiminomethynbenzyl]-2- 
oxoDvrrolidin-3-rSVyl}amide trifluoroacetate. 

A. 3'-Methoxy-biphenyl-4-bromide. 

3-Bromoanisole (3.5 g, 18.7 mmol) is dissolved in 40 mL of THF and cooled to 
15 -78°C. To the solution is added dropwise a 2.5 M solution of n-butyllithium in 
hexanes (7.5 mL, 18.7 mmol). After 10 minutes, a solution of zinc chloride (20 
mL, 19.6 mmol) in ether is added and the cooling bath is removed. The 
reaction mixture is stirred at room temperature for 2 hours. After this time, a 
solution of 4-iodobromobenzene (5.6 g, 19.6 mmol) and Pd(Ph3P)4 (1.1 g, 1 

20 mmol) in 1 0 mL of THF is added to the reaction flask. The solution is stirred 2 
hours, poured into 100 mL of water and extracted with EtOAc. The organic 
layer is washed with water and saturated NaCI. The organic layer is dried over 
MgS0 4 , filtered and concentrated. The crude residue is purified by column 
chromatography eluting with 10% CH 2 CL/hexanes to 20% CHaClg/hexanes to 

25 give the title compound (1.5 g, 5.7 mmol) as a solid. 

1 H NMR (CDCI 3 , 300 MHz) d 7.55 (d, 2H), 7.43 (m, 2H), 7.32 (m, 1H), 7.12 (m, 
1H), 7.07 (m, 1H), 6.87 (dd, 1H), 3.79 (s, 3H). FAB MS, [M+H] + =262. 

B. 3'-Methoxy-bipheny|.4-sulfonyl chloride. 

30 3'-Methoxy-biphenyl-4-bromide (1.5 g, 5.7 mmol) is dissolved in 20 mL of THF 
and cooled to -78°C. To the solution is added a 2.5 M solution of 
n-butyllithium in THF (2.3 mL, 5.7 mmol). The reaction mixture is stirred for 15 
minutes and then is transferred via cannula to a solution of condensed sulfur 
dioxide gas (10 mL) in 40 mL of ether at -78°C. The solution is stirred for 30 

35 minutes, allowed to warm to room temperature and then concentrated in vacuo. 
The resulting residue is triturated with ether to give 1 g of the lithium 
biarylsulfinate as a solid. The solid is suspended in 15 mL of hexanes and 
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cooled to 0°C. To the suspension is added a 1 M solution of sulfuryl chloride 
(4.2 mL, 4.2 mmol) in CH 2 CI 2 . After 1 hour at 0°C, the resulting solution is 
concentrated. The residue is triturated with hexanes to give the title compound 
(0.6 g, 2.25 mmol) as a solid. 
5 FAB MS, [M+H] + =267. 

C. 3'-Methoxybiphenyl-4-sulfonic acid [1-3-(cyanobenzyn-2-oxopyrrolidin-3- 
(S)-yi]amide- 

The title compound is prepared as described in EXAMPLE 1, Part D using 
10 3*-methoxybiphenyl-4-sulfonyl chloride in place of 2-naphthalene sulfonyl 
chloride. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.95 (d, 1H), 7.72 (m, 2H), 7.52 (m, 1H), 7.40 (m, 
5H), 7.16 (d, 1H), 7.10 (d, 1H), 6.95 (d,1H), 5.33 (bs, 1H), 4.43 (AB, 2H), 3.88 (s, 
3H), 3.81 (m, 1H), 3.24 (m, 2H), 2.64 (m, 1H) 2.07 (m, 1H). 

15 

D. 3'-Methoxvbiphenyl-4-sulfonic acid { 1-[3-f aminoiminomethvnbenzvl]-2- 
Qxopyrrolidin-3-($)-yl}amide trifluoroacetate- 

The title compound is prepared as described in EXAMPLE 1, Part E using 
3'-methoxybiphenyl-4-sulfonic acid [1-3-(cyanobenzyl)-2-oxopyrrolidin-3-(S)- 

20 yl]amide as the starting material. 

'H NMR (DMSO-d 6 , 300 MHz) 6 9.30 (bs, 2H), 9.05 (bs, 2H), 8.20 (d, 1H), 7.90 
(m, 4H), 7.71 (m, 2H), 7.55 (m, 2H), 7.40 (m, 2H), 7.28 (m, 2H), 6.99 (d, 1H), 
4.43 (AB, 2H), 4.18 (m, 1H), 3.82 (s, 3H), 3.12 (m, 1H), 2.05 (m, 1H), 1.62 (m, 
1 H). FAB MS, [M+H] + =479. Elemental analysis calculated with 1 mole of H 2 0: 

25 C=53.1 1 %, H=4.79%, N=9.18%, found C=53.31%, H=4.51%, N=9.15%. 

EXAMPLE 6 

Naphthalene-1 -sulfonic acid {1-f3-faminoiminomethynbenzvl]-2-oxopyrrolidin- 
3-fSVyl}amide trifluoroacetate. 

30 

A. Naphthalene-1 -sulfonic acid f1-(3-cvanobenzvn-2-oxopvrrolidin-3-(SV 
yl]amide. 

The title compound is prepared as described in EXAMPLE 1, Part D using 1- 
naphthalene sulfonyl chloride in place of 2-naphthalene sulfonyl chloride. 
35 'H NMR (CDCIg, 300 MHz) 8 8.67 (d, 1 H), 8.28 (d, 1 H), 8.06 (d, 1 H), 7.96 (d, 
1H), 7.67 (m, 2H), 7.55 (m, 2H), 7.38 (m, 2H), 7.19 (s, 1H), 5.52 (bs, 1H), 4.37 
(AB, 2H), 3.75 (m, 1H), 3.14 (m, 2H), 2.40 (m, 1H), 1.97 (m, 1H). 
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B. Naphthalene-1 -sulfonic acid (1-f3-(aminoiminomethynbenzyl]-2- 
oxoDvrrolidin-3-rS^-yl)ami de trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 1 , Part E using 
5 naphthalene-1 -sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
as the starting material. 

'H NMR (DMSO-d 6) 300 MHz) 8 9.30 (bs, 2H), 9.13 (bs, 2H), 8.65 (d, 1H), 8.51 
(d, 1H), 8.32 (d, 1H), 8.22 (d, 1H), 8.09 (d, 1H), 7.64 (m, 5H), 7.50 (m, 3H), 4.40 
(AB, 2H), 4.17 (m, 1H), 3.07 (m, 1H), 1.89 (m, 1H), 1.53 (m, 1H). FAB MS, 
10 [M+H] + =423. Elemental analysis calculated with 1 mole of H 2 0: C=51.98%, 
H=4.54%, N=10.10%, found C=52.20%, H=4.17%, N=9.73%. 

EXAMPLE 7 

5-Pvrid-2-ylthiophe ne-2-sulfonic acid {1-[3-teminoiminomethynbenzyl]-2- 
15 pxppyrrolidin-3-($)-yl}amide trifluproacetate. 

A. 5-Pyrid-2-vlthiophene-2-sulf onic acid f1-(3-cvanobenzvn-2-oxopyrrolidin-3- 

(S)-yl]amjde, 

The title compound is prepared as described in EXAMPLE 1, Part D using 
20 5-pyrid-2-ylthiophene-2-sulfonyl chloride in place of 2-naphthalene sulfonyl 
chloride. 

1 H NMR (CDCI 3 , 300 MHz) 6 8.62 (m, 1H), 7.78 (m, 1H), 7.69 (m, 1H), 7.58 (m, 
2H), 7.50 (d, 1H), 7.46 (m, 2H), 7.20 (m, 2H), 5.43 (bs, 1H), 4.42 (AB, 2H), 3.98 
(m, 1H), 3.26 (m, 2H), 2.68 (m, 1H), 2.15 (m, 1H). 

25 

B. 5-Pyrid-2-ylthip phene-2-gulfpnic acid {1-[3-(9minpiminpmethy|)penzyl]-2- 
oxopvrrolidin-3-(S)-yl}amide trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 1 , Part E using 
5-pyrid-2-ylthiophene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
30 yl]amide as the starting material. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.32 (bs, 2H), 9.13 (bs, 2H), 8.56 (d, 1H), 8.49 

(d, 1H), 8.04 (d, 1H), 7.89 (m, 3H), 7.58 (m, 4H), 7.38 (m, 1H), 4.46 (AB, 2H), 
4.23 (m, 1H), 3.16 (m, 2H), 2.16 (m, 1H), 1.70 (m, 1H). FAB MS, [M+H] + =456. 
Elemental analysis calculated: C=43.93%, H=3.39%, N=10.24%, found 
35 C=44.04%, H=3.43%, N=10.26%. 



EXAMPLE 8 
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Biphenyl-4-sulfonic acid {1 -[3-raminQiminomethvnbenzyn.2-oxopvrrolidin-3- 
(SVyllamide trifluoroacetate. 

A. Biphenyl-4-sulfonic acid f1-(3-cvanobenzylV2-oxoDvrrolidin-3-fSVvnamide 
5 The title compound is prepared as described in EXAMPLE 1, Part D using 

biphenyl-4-sulfonyl chloride in place of 2-naphthalene sulfonyl chloride. 
1 H NMR (CDCI 3 , 300 MHz) 5 8.14 (s, 1H), 7.95 (d, 1H), 7.82 (d. 1H), 7.64 (m, 
5H), 7.47 (m, 6H), 5.42 (bs, 1H), 4.42 (AB, 2H), 3.82 (m, 1H), 3.22 (m, 1 H), 2.62 
(m, 1H),2.13(m, 1H). 

10 

B. Biphenyl-4-sulfonic acid {1-[3-(aminoiminomethvhbenzvl]-2-Qxopvrrolidin-3- 
fSWI}amide trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 1, Part E using 
biphenyl-4-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide as 

1 5 the starting material. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.31 (bs, 2H), 9.14 (bs, 2H), 8.22 (d, 1H), 7.91 
(m, 6H), 7.60 (m, 8H), 4.45 (AB, 2H), 4.16 (m, 1H), 3.12 (m, 1H), 2.07 (m, 1H), 
1.65 (m, 1H). FAB MS, [M+HJ + =449. Elemental analysis calculated with 0.25 
mole of H 2 0: C=55.07%, H=4.53%, N=9.88%, found C=55.12%, H=4.41%, 

20 N= 10.05%. 

EXAMPLE 9 

7-Methoxynaphthalene-2-SUlfoniC acid {1 -[3-(aminoiminpmethyl )penzyl ]- 2 - 
Qx opyrrolidin- 3-(S)-yl}amid9 trifluoroacetate- 

25 

A. 7»Methoxynaphthalene-2-sulfonyl chloride. 

To a suspension of 7-hydroxynaphthalene-2-sulfonic acid, sodium salt (15 g, 
60.9 mmol) in 150 mL of 2:1 H 2 0/ethanol is added solid NaOH (2.68 g, 67 
mmol) at room temperature. The mixture is stirred until a homogenous solution 

30 forms, and dimethyl sulfate (6.34 mL, 67 mmol) is then added. A precipitate 
eventually forms and the mixture is stirred over a period of 16 hours. The crude 
mixture is concentrated in vacuo and the residue is stirred in 100 mL of 
absolute EtOH as a slurry for 2 hours. The precipitate is filtered and dried. The 
solid is heated at reflux in 100 mL of 95% EtOH for 2 hours, allowed to cool to 

35 room temperature, filtered and dried to give 12.6 g of crude 7- 

methoxynaphthalene-2-sulfonic acid, sodium salt. A mixture of the sulfonic 
acid, sodium salt (12.6 g, 48.6 mmol) in 20 mL of phosphorous oxychloride and 
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phosphorous pentachloride (13.2 g, 63.2 mmol) is heated slowly to 60°C until a 
homogenous solution forms and then is heated at 120°C for 4 hours. The 
resulting mixture is cooled in an ice bath and a mixture of ice/ice water is 
added slowly with stirring. The mixture is diluted with water and extracted with 
5 CHCI 3 (2x100 ml_). The combined organic layers are washed successively 
with water, saturated NaHC0 3 solution and saturated NaCI. The organic phase 
is dried over anhydrous MgS0 4 , filtered and concentrated to give 10 g of a 
crude oil. The crude product is purified by column chromatography in a 
gradient of 5% EtOAc/hexanes to 30% EtOAc/hexanes to afford the title 
10 compound (3.8 g, 14.8 mmol) as a white crystalline solid. 

1 H NMR (CDCI3, 300 MHz) 5 8.49 (d, 1H), 7.96 (d, 1H), 7.85 (d, 2H), 7.39 (dd, 
1H), 7.29 (d, 1H), 3.99 (s, 3H). El MS, [M]+=256. 

The 8-chloro-7-methoxynaphthalene-2-sulfonyl chloride (1.49 g, 5.12 mmol) is 
also isolated as a minor by-product from the above procedure. 
15 1 H NMR (CDCI3, 300 MHz) 8 8.95 (d, 1 H), 8.01 (d, 1 H), 7.90 (d, 2H), 7.55 (d, 
1H),4.09(s,3H). El MS, [M]+=290. 

B. 7-Methoxvnaphthalene-2-snlfonic acid f1 -f3-cvanobenzvlV2-oxopvrroliriin- 

3-(S)-yllamjde. 

20 The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1, Part D using 7- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is triturated from 
50% EtOAc/hexanes solution to give the title compound as a beige solid. 
1 H NMR (CDCI3, 300 MHz) 8 8.38 (d, 1H), 7.91 (d, 1H), 7.81 (d, 1H), 7.73 (dd, 

25 1H), 7.59 (m, 1H), 7.42 (m, 3H), 7.30 (dd, 1H), 7.25 (m, 1H), 5.39 (d, 1H), 4.45 
(AB, 2H), 3.92 (s, 3H), 3.75 (m, 1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.10 (m, 1H). 

C. 7-Methoxvnaphthalene-2-sulfonic acid {1-f 3-faminoiminomethynbenzvl]-2. 
QXODvrrolidin-3-(SWI)amide trifluoroacetata. 

30 7-Methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide is dissolved in 10 mL of a 2:1 mixture of EtOH/CH 2 CI 2 and 
converted to the title compound as in EXAMPLE 1 , Part E. The imidate 
intermediate is formed over a period of 18 hours at room temperature. The 
amidine formation occurred over a period of 18 hours at room temperature. 

35 The crude product is purified by RP-HPLC eluting in a gradient of 10% 

CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 8 9.41 (bs, 2H), 9.29 (bs, 2H), 8.33 (d, 1H), 8.19 
(d, 1 H), 7.96 (d, 1 H), 7.87 (d, 1 H), 7.68 (dd, 1 H), 7.64 (m, 1 H), 7.50 (m, 4H), 
7.27 (dd, 1H), 4.36 (AB, 2H), 4.16 (dd, 1H), 3.48 (s, 3H), 3.04 (m, 2H), 1.93 (m, 
1H), 1.59 (m, 1H). FAB MS, [M+H] + =453. Elemental analysis calculated with 
5 1 .7 mole of H 2 0: C=50.28%, H=4.79%, N=9.38%; found C=50.27%, H=4. 1 4%, 
N=9.07%. 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(R)-yl}amide trifluoroacetate is prepared from 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-(3R)- 
10 yl]amide as above. 

EXAMPLE 10 

7-Ethoxynaphthalene-2-sulfonic acid f 1-r3-(aminoiminomethvnbenzvn-2- 
oxopvrrolidin-3-(SWI)amide trifluoroacetate. 

15 

A. 7-Ethoxvnaphthalene-2-sulfonvl chloride. 

A 60% dispersion of sodium hydride (0.74 g, 18.45 mmol) in mineral oil is 
washed with hexanes twice and suspended in 35 ml_ of DMF. To this mixture 
is added slowly via an addition funnel 7-hydroxynaphthalene-2-sulfonic acid, 

20 sodium salt (2.5 g, 10.1 mmol) in 50 mL of DMF at room temperature. The 
reaction mixture is stirred for 75 min during which time mild bubbling is 
observed (H 2 evolution). The mixture is treated with bromoethane (2.42 mL, 
32.5 mmol) and stirred for 16 hours at room temperature. A little ice is added to 
decompose the excess NaH and the resultant mixture is concentrated in vacuo. 

25 The residue is suspended in acetone and concentrated in vacuo two times and 
then is dried under high vacuum. The solid is suspended in acetone, filtered 
and dried to yield the crude 7-ethoxynaphthalene-2-sulfonic acid, sodium salt 
as a beige solid. A mixture of the sulfonic acid, sodium salt (3.77 g) in 10 mL of 
thionyl chloride is heated at 80°C for 2 hours. The mixture is allowed to cool to 

30 room temperature and concentrated in vacuo. The residue is diluted in EtOAc 
and washed successively with water (2x), saturated NaHC0 3 solution and 
saturated NaCI. The organic layer is dried over anhydrous MgS0 4 , filtered and 
concentrated to yield 2.65 g of a crude brown oil. The crude product is purified 
by column chromatography in a gradient of 10% EtOAc/hexanes to 20% 

35 EtOAc/hexanes to afford the title compound (1 .67 g, 6.17 mmol) as a pale 
yellow solid. 
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1 H NMR (CDCI 3> 300 MHz) 8 8.46 (s, 1H), 7.97 (d, 1H), 7.85 (d, 1H), 7.84 (d, 
1H), 7.38 (dd, 1H), 7.28 (s, 1H), 4.19 (q, 2H), 1.50 (t, 3H). 

B. 7-Ethoxvnaphthalene-2-sulfonic acid f1-(3-cvanobenz vn-2-oxoDvrrolidin-3- 
5 (SVvllamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1 , Part D using 7- 
ethoxynaphthalene-2-sulfonyl chloride. The crude product is triturated from 
50% EtOAc/hexanes solution to give the title compound as a beige solid. 
1 0 'H NMR (CDCI 3 + DMSO-d 6 , 300 MHz) 8 8.27 (d, 1 H), 7.80 (d, 1 H), 7.67 (m, 
2H), 7.47 (m, 1H), 7.41 (bs, 1H), 7.34 (d, 2H), 7.17 (m, 3H), 4.34 (AB, 2H), 4.06 
(q, 2H), 3.87 (m, 1H), 3.04 (m, 2H), 2.25 (m, 1H), 1.81 (m, 1H), 1.39 (t, 3H). 

C. 7-Ethoxvnaphthalene-2-sulfonic acid (1-r3-fcminoiminomethvnbenzvn-2- 
15 QXQpyrrolidin-3-fS)-yl}amide trifluorpacetete, 

7-Ethoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide is dissolved in 10 mL of a 2:1 mixture of EtOH/CH 2 CI 2 and converted 
to the title compound as in EXAMPLE 1, Part E. The imidate intermediate is 
formed over a period of 18 hours at room temperature. The amidine formation 

20 occurred over a period of 48 hours at room temperature. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
'H NMR (DMSO-d„, 300 MHz) 8 9.41 (bs, 2H), 9.33 (bs, 2H), 8.37 (d, 1H), 8.24 

25 (d, 1 H), 8.02 (d, 1 H), 7.94 (d, 1 H), 7.73 (dd, 1 H), 7.70 (d, 1 H), 7.56 (m, 4H), 7.32 
(dd, 1H), 4.43 (AB, 2H), 4.17 (q, 2H), 4.15 (m, 1H), 3.10 (m, 2H), 2.00 (m, 1H), 
1.59 (m, 1H), 1.40 (t, 3H). FAB MS, [M+H] + =467. Elemental analysis calculated 
with 1.9 mole of H z O: C=50.91%, H=5.04%, N=9.13%; found C=50.92%, 
H=4.44%, N=8.57%. 

30 

EXAMPLE 1 1 

5-Chloro-6-methoxvnaphthalene-2-sulfonic acid (1-f3- 
(aminoiminomethvnbenzvn-2-oxopvrrolidin-3-fSVvl)amide trifluoroacetate. 

35 A. 5-Chloro-6-methoxvnaphthalene-2-sulfonvl chloride. 

The title compound is prepared from 6-hydroxynaphthalene-2-sulfonic acid, 
sodium salt as in EXAMPLE 9, Part A. The crude product mixture is purified by 
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column chromatography in a gradient of 5% EtOAc/hexanes to 10% 
EtOAc/hexanes to provide the title compound as a minor by-product. 
1 H NMR (CDCI 3I 300 MHz) 8 8.57 (d, 1H), 8.42 (d, 1H), 8.05 (dd, 1H), 8.00 (d, 
1H),7.50(d, 1H),4.10(s,3H). 

5 

B. 5-ChlOro-6-methoxynaphthalene-2-sulfonic acid M-(3-cvanobenzvl)-2- 
oxopvrrolidin-3-f S Vyl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1 , Part D using 5-chloro-6- 
10 methoxynaphthalene-2-sulfonyl chloride. The crude product is triturated from 
EtOAc to give the title compound as a beige solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.44 (d, 1H), 8.38 (d, 1H), 7.98 (dd, 1H), 7.91 (d, 
1H), 7.60 (m, 1H), 7.42 (m, 4H), 5.51 (d, 1H), 4.45 (AB, 2H), 4.09 (s, 3H), 3.80 
(m, 1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.10 (m, 1H). 

15 

C. 5-Chloro-6-methoxvnaphthalene-2- sulfonic acid {1-f3- 
(aminoiminomethvnbenzvn-2-oxopvrrolidin-3-fSVyl}amide trifluoroacetate. 
5-Chloro-6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is dissolved in 10 mL of a 2:1 mixture of 

20 EtOH/CH 2 CI 2 and converted to the title compound as in EXAMPLE 1 , Part E. 
The imidate intermediate is formed over a period of 16 hours at room 
temperature. The amidine formation occurred over a period of 24 hours at 
room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 

25 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.10 (bs, 2H), 8.52 (d, 1H), 8.29 
(d, 1H), 8.23 (d, 1H), 8.21 (d, 1H), 7.98 (dd, 1H), 7.71 (d, 1H), 7.67 (d, 1H), 7.58 
(d, 1H), 7.54 (bs, 1H), 7.52 (d, 1H), 4.41 (AB, 2H), 4.16 (m, 1H), 4.04 (s, 3H), 
30 3.09 (m,2H), 2.01 (m, 1H), 1.59 (m, 1H). FAB MS, [M+H] + =487. Elemental 
analysis calculated with 1.5 mole of H 2 0: C=47.88%, H=4.32%, N=8.93%; 
found C=47.88%, H=3.88%, N=8.48%. 

EXAMPLE 12 

35 5-Chloro-6.7-dimethoxynaphthalene-2-sulfonic acid {1-[3- 

faminoiminomethvn benzvl1-2-oxopvrrolidin-3-fSVvl)amide trifluoroacetate. 
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A. 5-Chloro-6.7-dimethoxvna Dhthalene-2-sulfonyl chloride. 

The title compound is prepared from 6,7-dihydroxynaphthalene-2-sulfonic acid, 
sodium salt hemihydrate as in EXAMPLE 9, Part A. The crude product mixture 
is purified by column chromatography in a gradient of 5% EtOAc/hexanes to 
5 30% EtOAc/hexanes to give the title compound as a minor by-product. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.48 (d, 1H), 8.38 (d, 1H), 7.45 (dd, 1H), 7.30 (s, 
1H), 4.05 (s, 3H), 4.00 (s, 3H). 

B. 5-Chloro-6.7-dimethoxvnaDhthalene-2-sulfo nic acid f 1 -(3-cvanobenzyn-2- 
10 QxppyrrQljdjn-3-(S)-yl]amide, 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1, Part D using 5-chloro- 
6,7-dimethoxynaphthalene-2-sulfonyl chloride. The crude product is triturated 
from EtOAc to give the title compound as a beige solid. 
15 1 H NMR (CDCI3, 300 MHz) 8 8.49 (d, 1H), 8.25 (d, 1H), 7.86 (dd, 1H), 7.55 (m, 
1H), 7.40 (m, 3H), 7.20 (s, 1H), 5.89 (m, 1H), 4.44 (AB, 2H), 4.03 (s, 3H), 4.00 
(s, 3H), 3.86 (m, 1H), 3.20 (m, 2H), 2.59 (m, 1H), 2.07 (m, 1H). 

C. 5-Chloro-6.7-dimethoxynaphthalene-2-sulf onic acid {1-[3- 

20 (aminoimin omethynbenzvl>2-oxopyrrolidin-3-(SWI}amide trifluoroacetate. 
5-Chloro-6,7-dimethoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is dissolved in 10 mL of a 2:1 mixture of 
EtOH/CH 2 CI 2 and converted to the title compound as in EXAMPLE 1 , Part E. 
The imidate intermediate is formed over a period of 24 hours at room 

25 temperature. The amidine formation occurred over a period of 24 hours at 
room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H z O (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.12 (bs, 2H), 8.43 (d, 1H), 8.30 
(d, 1H), 8.19 (d, 1H), 7.87 (dd, 1H), 7.73 (s, 1H), 7.67 (m, 1H), 7.55 (m, 3H), 
4.41 (AB, 2H), 4.14 (m, 1H), 3.97 (s, 3H), 3.89 (s, 3H), 3.08 (m, 2H), 1.99 (m, 
1H), 1.60 (m, 1H). ISP MS, [M+H] + =517. Elemental analysis calculated with 
1.5 mole Of H z O: C=47.38%, H=3.91%, N=8.14%; found C=47.40%, H=4.05%, 

35 N=8.22%. 

EXAMPLE 13 
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Dibenzofuran-2-sulfonic acid { 1^3-faminoiminomethvnbenzvl1-2-oxoDyrrolidin- 
3-fSWI}amide trifluoroacetate. 

A. Dibenzofuran-2-sulfonic ac id M-(3-cvanobenzyn-2-oxopvrrolidin-3-rsV 

5 yi]amide, 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1 , Part D using 2- 
dibenzofuransulfonyl chloride. The crude product is triturated from EtOAc to 
give the title compound as a beige solid. 
1 0 1 H NMR (CDCI 3 , 300 MHz) 8 8.59 (d, 1 H), 8.04 (dd, 1 H), 7.95 (d, 1 H), 7.64 (d, 
1H), 7.60 (m, 1H) f 7.52 (m, 2H), 7.40 (m, 5H), 4.42 (AB, 2H), 3.89 (m, 1H), 3.19 
(m, 2H), 2.57 (m, 1 H), 2.08 (m, 1 H). 

B. Dibenzofuran-2-sulfonic acid (1-r3-tamtnoimino methvnbenzyn>2- 
15 oxopyrrolidin-3-(SVvl)amide trifluoroacetate. 

Dibenzofuran-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide is dissolved in 10 mL of a 2:1 mixture of EtOH/CH 2 CI 2 and converted 
to the title compound as in EXAMPLE 1, Part E. The imidate intermediate is 
formed over a period of 24 hours at room temperature. The amidine formation 

20 occurred over a period of 40 hours at room temperature, The crude product is 
purified by RP-HPLC eluting in a gradient of 1 0% CH 3 CN/H 2 0 (0.1 % TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.12 (bs, 2H), 8.72 (d, 1H), 8.30 

25 (d, 1 H), 8.22 (d, 1 H), 8.04 (dd, 1 H), 7.92 (d, 1 H), 7.79 (d, 1 H), 7.67 (m, 1 H), 7.61 
(m, 2H), 7.56 (m, 1H), 7.55 (bs, 1H), 7.48 (m, 1H), 4.42 (AB, 2H), 4.19 (m, 1H), 
3.10 (m, 2H), 2.04 (m, 1H), 1.61 (m, 1H). FAB MS, [M+H] + =463. Elemental 
analysis calculated with 1.3 mole of H 2 0: C=51.97%, H=4.31%, N=9.32%; 
found C=51.99%, H=3.76%, N=9.00%. 

30 

EXAMPLE 14 

7-Aminonaphthalene-2.sulfonic acid {1-f3-fcminoimino methvnbenzyll-2- 
oxopvrrolidin-3-(SVyl)amide bistrifluoroacetate. 

35 A. N-Cbz-7-aminonaphthalene-2-sulfonyl chloride. 

To a suspension of 7-aminonaphthalene-2-sulfonic acid, sodium salt (3 g, 12.2 
mmol) in 70 mL of water is added solid NaOH (0.98 g, 24 mmol) at room 



WO 96/40679 



54 



PCT/US96/09816 



temperature. The mixture is stirred for 30 minutes, and benzyl chloroformate 
(3.43 ml_, 24 mmol) is then added. The resulting mixture is stirred over a 
period of 16 hours. The crude product is treated as in EXAMPLE 9, Part A, to 
give 4.18 g of crude N-CBz-7-aminonaphthalene-2-sulfonic acid, sodium salt. 
5 A mixture of the sulfonic acid, sodium salt (4.18 g, 1 1 mmol) in 12 mL of thionyl 
chloride is heated at 80°C for 3 hours. The mixture is allowed to cool to room 
temperature and concentrated in vacuo. The residue is diluted with EtOAc and 
washed successively with water (2x), saturated NaHC0 3 solution and saturated 
NaCI. The organic layer is dried over anhydrous MgS0 4 , filtered and 
10 concentrated to give a brown oil. The crude product is purified by column 
chromatography in a gradient of 10% EtOAc/hexanes to 30% EtOAc/hexanes 
to afford the title compound (1.76 g, 4.68 mmol) as a beige solid. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (s, 1H), 8.12 (s, 1H), 7.88 (d, 1H), 7.80 (d, 
2H), 7.60 (dd, 1 H), 7.34 (m, 5H), 7.27 (s, 1 H), 5.21 (s, 2H). 

15 

B. N-Cbz-7-aminonaphthalene-2 -sulfonic acid f1-(3-cyanobenzvh-2- 
oxopyrrolidin-3-(SVyl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1, Part D using N-Cbz-7- 
20 aminonaphthalene-2-sulfonyl chloride in place of 7-methoxynaphthalene-2- 
sulfonyl chloride. The crude product is purified by column chromatography 
using a gradient of 10% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to give the title 
compound as a solid. 

'H NMR (CDCI3, 300 MHz) 8 8.31 (s, 1H), 8.03 (s, 1H), 7.71 (m, 3H), 7.55 (m, 
25 2H), 7.40 (m, 9H), 5.78 (s, 1H), 5.25 (d, 1H), 5.21 (d, 1H), 4.41 (AB, 2H), 3.85 
(m, 1H), 3.15 (m, 2H), 2.53 (m, 1H), 2.02 (m, 1H). 

C. 7-Aminonaphth alene-2-sulfonic acid (1-[3-faminoiminomethvnbenzyn-2- 
oxopyrrolidin-3-(SV yl}amide bistrifluoroacetate. 

30 N-Cbz-7-aminonaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is dissolved in 10 mL of a 2:1 mixture of 
EtOH/CH 2 CI 2 and converted to the title compound as in EXAMPLE 1 , Part E. 
The imidate intermediate is formed over a period of 18 hours at room 
temperature. The amidine formation occurred over a period of 18 hours at 

35 room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
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the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d e , 300 MHz) 8 9.29 (bs, 2H), 9.20 (bs, 2H), 8.11 (d, 1H), 8.08 
(s, 1H), 7.82 (d, 1H), 7.72 (d, 1H), 7.67 (m, 1H), 7.55 (m, 3H), 7.48 (dd, 1 H), 
5 7.13 (dd, 1H), 7.00 (d, 1H), 5.11 (bs, 3H), 4.42 (AB, 2H), 4.12 (m, 1H), 3.06 (m, 
2H), 1.94 (m, 1H), 1.56 (m, 1H). FAB MS, [M+H] + =438. Elemental analysis 
calculated with 0.8 mole of H 2 0: C=45.96%, H=3.94%, N=10.31%; found 
045.97%, H=4.02%, N=10.41%. 

10 EXAMPLE 15 

Naphthalene-2.sulfonic acid f1-f4-(aminoiminomethvnbenzvl1-2-oxoDvrrolidin- 
3-fSl-yl}amide trifluoroacetate. 

A. [i-(4-Cyanpbenzy|)-2-pxopyrroiidin-3-(S)-yi]carbamic acid ten-butyl ester. 

1 5 The title compound is prepared from Boc-L-Asp(H)-OBn as in EXAMPLE 1 , Part 

B, using p-cyanobenzylamine hydrochloride in place of m-cyanobenzylamine 
hydrochloride. The crude residue is purified by column chromatography 
eluting with a gradient of 20% EtOAc/CH 2 CI 2 to 40% EtOAc/CH 2 CI 2 to give the 
title compound as a white solid. 

20 1 H NMR (CDCI 3 , 300 MHz) 8 7.62 (d, 2H), 7.31 (d, 2H), 5.15 (bs, 1H), 4.53 (AB, 
2H), 4.21 (m, 1H), 3.24 (m, 2H), 2.61 (m, 1H), 1.90 (m, 1H), 1.46 (s, 9H). 

B. 4-(3-(SVAmino-2-oxopvrrolidin-1 -ylmethyl)benzonitrile hydrochloride. 
The title compound is prepared as a white solid from [1-(4-cyanobenzyl)-2- 
25 oxopyrrolidin-3-(S)-yl]carbamic acid tert-butyl ester as described in EXAMPLE 
1, Part C. 

'H NMR (DMSO-d 6 , 300 MHz) 8 8.65 (bs, 3H), 7.81 (d, 2H), 7.49 (d, 2H), 4.54 
(AB, 2H), 4.08 (m, 1H), 3.30 (m, 2H), 2.40 (m, 1H), 2.01 (m, 1H). 

30 C. Naphthalene-2-sulfonic acid f1-(4-cyanobenzyn-2-oxopvrrolidin-3-(S)- 

yi]amide, 

The title compound is prepared from 4-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 1, Part D. The crude 
product is triturated from EtOAc to give the title compound as a white solid. 1 H 
35 NMR (DMSO-d 6 , 300 MHz) 8 8.50 (s, 1 H), 8.00 (m, 2H), 7.93 (m, 3H), 7.65 (m, 
5H), 7.28 (m, 1H), 4.45 (AB, 2H), 3.80 (m, 1H), 3.20 (m, 2H), 2.55 (m, 1H), 2.1 1 
(m,1H). 
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D. Naphthalene-2-sulfonic acid (1-r4Waminoiminometh ynbenzyH-2. 
oxopvrrolidin-3-(SVyl}ami de trifluoroacetate. 

Naphthalene-2-sulfonic acid [1-(4-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
5 is dissolved in 10 mL of a 2:1 mixture of EtOH/CH 2 CI 2 and converted to the title 
compound as in EXAMPLE 1, Part E. The imidate intermediate is formed over 
a period of 18 hours at room temperature. The amidine formation occurred 
over a period of 48 hours at room temperature. The crude product is purified 
by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 
1 0 CH 3 CN/H 2 0 (0.1 % TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 6 9.26 (bs, 2H), 9.10 (bs, 2H), 8.49 (d, 1H), 8.30 
(d, 1H), 8.12 (d, 1H), 8.11 (d, 1H), 8.03 (d, 1H). 7.88 (dd, 1H), 7.74 (d, 2H), 7.68 
(m, 2H), 7.40 (d, 2H), 4.44 (AB, 2H), 4.17 (m, 1H), 3.07 (m, 2H), 2.01 (m, 1H), 
15 1.58 (m, 1H). FAB MS, [M+H] + =423. Elemental analysis calculated with 1.4 
moleofH 2 0: C=51.32%, H=4.63%, N=9.97%, found C=51.32%, H=4.36%, 
N=9.78%. 

EXAMPLE 16 

20 7-Methoxvnaphthalene-2-sulfonic acid n-(3-aminomethvlbenzvn-2- 
QXQpyrrQlidin-3-(S)-y)]amide trifluoroacetate, 

To a solution of 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.12 g, 0.27 mmol) in 10 mL of 7 N NH 3 /MeOH is 

25 added a catalytic amount of 5% rhodium on alumina powder. The resulting 
mixture is hydrogenated at room temperature on a Paar apparatus at 50 p.s.i. 
for 3 hours. The crude mixture is filtered through a pad of Celite, washed with 
MeOH (2x10 mL) and concentrated in vacuo. The crude product is purified by 
RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 

30 CH 3 CN/H 2 0 (0.1 % TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid. 

'H NMR (DMSO-d 6 , 300 MHz) 8 8.39 (d, 1H), 8.21 (d, 1H), 8.13 (bs, 3H), 8.01 
(d, 1H), 7.93 (d, 1H), 7.71 (dd, 1H), 7.55 (d, 1H), 7.32 (m, 3H), 7.20 (m, 2H), 
4.30 (AB, 2H), 4.10 (m, 1H), 4.00 (m, 2H), 3.90 (s, 3H), 3.03 (m, 2H), 1.96 (m, 
35 1H), 1.55 (m, 1H). FAB MS, [M+H]*=440. 



EXAMPLE 17 
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Naphthalene-2-sulfonic acid {1 -[3-(aminoiminomethynbenzviy2-oxopyrrolidin- 
3-(SVyl}methyl amid e trifluoroacetate. 

A. Naphthalene-2-s ulfonic acid f1-(3-cyanobenzyn-2-oxopyrrolidin-3-fSV 
5 yl]methyl amide. 

Naphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
(0.3 g, 0.74 mmol) is dissolved in 9 mL of an 8:1 mixture of THF/DMF and 
cooled to 0°C. Sodium hydride (30 mg of a 60% dispersion in mineral oil, 0.75 
mmol) is added and the solution is stirred for 1 5 minutes. To the mixture is 

10 added methyl iodide (0.33 g, 2.34 mmol). The cooling bath is removed and the 
solution is stirred at room temperature for 2 hours. The solution is poured into 
a separator/ funnel and diluted with 100 mL of EtOAc. The organic layer is 
washed with 1 N HCI, dried over MgS0 4 and concentrated. The residue is 
purified by column chromatography eluting with 10% EtOAc/CH 2 GI 2 to give the 

1 5 title compound (0.23 g, 0.52 mmol) as a solid. 

1 H NMR (CDCIg, 300 MHz) 5 8.52 (s, 1H), 8.00 (m, 4H), 7.62 (m, 4H), 7.48 (m, 
3H), 4.95 (m, 1 H), 4.45 (AB, 2H), 3.20 (m, 1 H), 2.80 (s, 3H), 2.37 (m, 1 H), 2.05 
(m, 1H). FAB MS, [M+H] + =420. 

20 B. Naphthalene-2-sulfonic acid (1-r3-(aminoiminomethvnbenzvn-2- 

oxopvrrolidin-3-rSVyl}methyl amide trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 1 , Part E 

using naphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 

yl]methyl amide as the starting material. 
25 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.10 (bs, 2H), 8.52 (s, 1 H), 8.15 

(m, 3H), 7.85 (d, 1H), 7.68 (m, 3H), 7.55 (m, 3H), 4.98 (m, 1H), 4.42 (AB, 2H), 

3.15 (m, 2H), 2.69 (s, 3H), 2.02 (m, 1H), 1.82 (m, 1H). FAB MS, [M+H]*=437. 

Elemental analysis calculated with 2 mole of H 2 0: C=51 .19%, H=4.985%, 

N=9.55%, found C=51.01%, H=4.35%, N=9.10%. 

30 

EXAMPLE 18 

Naphthalene-2-sutfonic acid { 1 -r3-faminoiminom ethyhbenzyl]-pyrrolidin-3-(S)- 
yl}amide bis trifluoroacetate. 

35 A. Naphthalene-2-sulfonic acid-N-Boc -3-fSVaminoDvrrolidine. 

N-Boc-3-aminopyrrolidine (1.09 g, 5.83 mmol) is dissolved in 30 mL of CH 2 Cl 2 . 
To the solution is added triethylamine (0.61 g, 6.02 mmol) followed by 2- 
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naphthalene sulfonyl chloride (1 .32 g, 5.83 mmol). The reaction mixture is 
stirred for 4 hours. The crude mixture is diluted with 150 ml_ of EtOAc and 
washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The organic layer is 
dried over MgS0 4 , filtered and concentrated to give the title compound (2.19 g, 
5 5.8 mmol) as an oil. 

1 H NMR (CDCI 3 , 300 MHz) 6 8.42 (s, 1H), 7.95 (m, 4H), 7.66 (m, 3H), 5.03 
(bs, 1H), 3.88 (m, 1H), 3.30 (m, 2H), 3.10 (m, 1H), 1.95 (m, 2H), 1.45 (s, 9H). 

B. Naphthalene-2-sulfonic acid-pvrrolidin-3-fS WIamide trifluoroacetate. 

10 Naphthalene-2-sulfonic acid-N-Boc-3-(S)-aminopyrrolidine (1.8 g, 4.78 mmol) 
is dissolved in 50 mL of CH 2 CI 2 . Trifluoroacetic acid (8 mL) is added dropwise. 
The reaction mixture is stirred for 16 hours. The solution is concentrated in 
vacuo and then reconcentrated from toluene to give the title compound (1.8 g, 
4.64 mmol). 

15 1 H NMR (CDCI 3 , 300 MHz) 6 9.10 (bs, 1H), 8.82 (bs, 1H), 8.39 (s, 1H), 7.90 
(m, 3H), 7.78 (d, 1H), 7.61 (m, 3H), 4.00 (bs, 1H), 3.51 (m, 2H), 3.38 (m, 2H), 
2.05 (m, 2H). 

C. Naphthalene-2-sulfonic acid f1-(3-cyanobe nzvlVpvrrolidin-3-(Sl-yl]amide. 
20 Naphthalene-2-sulfonic acid-pyrrolidin-3-(S)-ylamide trifluoroacetate (0.52 g, 

1.34 mmol) is dissolved in 7 mL of DMF. Triethylamine (0.16 g, 1.6 mmol) is 
added and the reaction mixture is cooled to 0°C. oc-Bromo-m-toluyl nitrile (0.25 
g, 1.27 mmol) is added and the mixture is warmed to room temperature and 
stirred for 2 hours. The reaction mixture is diluted with 150 mL of EtOAc and 
25 the solution is washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The 
organic layer is dried over MgS0 4 , filtered and concentrated. The residue is 
purified by column chromatography eluting with 50% EtOAc/CH 2 CI 2 to give the 
title compound (0.2 g, 0.51 mmol) as an oil. 

1 H NMR (CDCI3, 300 MHz) 6 8.40 (s, 1H), 7.95 (m, 3H), 7.80 (d, 1H), 7.64 (m, 
30 2H), 7.50 (m, 3H), 7.31 (m, 1 H), 5.04 (d, 1 H), 3.92 (m, 1 H), 3.05 (q, 2H), 2.70 
(m, 1H), 2.40 (m, 2H), 2.18 (m, 2H), 1.59 (m, 1H). 

D. Naphthalene-2-sulfonic acid {1-r3-taminoiminomethynbenzyl]-pyrrolidin-3- 
(Sl-yl}amide bistrifluoroacetate. 

35 The title compound is prepared as in EXAMPLE 1, Part E using naphthalene-2- 
sulfonic acid [1-(3-cyanobenzyl)-pyrrolidin-3-(S)-yl]amide as the starting 
material. 
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'H NMR (CDCI3, 300 MHz) 6 10.6 (bs, 1H), 9.32 (bs, 3H), 8.45 (s, 1H), 8.14 
(m, 2H), 8.05 (d, 1H), 7.72 (m, 9H), 3.85 (m, 1H), 3.65 (AB, 2H), 3.25 (m, 4H), 
1.95 (m, 2H). FAB MS, [M+H] + =409. Elemental analysis calculated with 1.25 
mole of H 2 0: C=47.39%, H=4.36%, N=8.50%, found C=47.12%, H=3.97%, 
5 N=8.50%. 

EXAMPLE 19 

7-Methoxvnaohthalene-2-sulfonic acid (1-f3-faminoiminomethvnbenzvn-2.5- 
dioxoDvrrolidin-3-rSVvl)amide t rifluoroacetate. 

10 

A. N-Boc-Asd- ( nvcvanobenzvlam ineVQBn. 

Boc-Asp-OBn (3.23 g, 10 mmol) is dissolved in 100 mL of THF. Triethylamine 
(2.53 g, 25 mmol) is added followed by m-cyanobenzylamine hydrochloride 
(1.75 g, 10.4 mmol). The reaction mixture is cooled to -10°C, and the BOP 

15 reagent (4.42 g, 10 mmol) is added. The mixture is stirred for 

16 hours. The crude mixture is diluted with 200 mL of EtOAc and washed with 
1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The organic layer is dried over 
MgS0 4 , filtered and concentrated. The residue is purified by column 
chromatography eluting with 20% EtOAc/CH 2 CI 2 to give the title compound 

20 (3.4 g, 7.8 mmol) as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 6 7.48 (m, 9H), 7.00 (bs, 1H), 5.68 (bs, 1H), 5.15 
(AB, 2H), 4.60 (m, 2H), 4.35 (dd, 1H), 3.12 (dd, 1H), 2.75 (dd, 1H), 1.45 (s, 9H). 

B. [i-(3-Cvanobenzy|)-2,5-dioxQpyrrpiidjn-3-(S)-yl1carbamic acid tel-butyi 

25 ester. 

N-Boc-Asp-(m-cyanobenzylamine)-OBn (1 g, 2.08 mmol) is dissolved in 20 mL 
of THF and cooled to -78°C. A 1 M solution of lithium hexamethyldisilylazide 
(4.8 mL, 4.8 mmol) in THF is added dropwise. The mixture is stirred for 20 
minutes and 20 mL of saturated NH 4 CI is added. The solution is extracted with 
30 EtOAc and then washed with 1 N HCI, 10% NajCOg and saturated NaCI. The 
organic layer is dried over MgS0 4 , filtered and concentrated. The residue is 
purified by column chromatography eluting with 20% EtOAc/CH 2 CI 2 to give the 
title compound (0.65 g, 1 .8 mmol) as a solid. 

1 H NMR (CDCI3, 300 MHz) 8 7.71 (s, 1H), 7.58 (m, 2H), 7.41 (m, 1H), 5.12 
35 (bs, 1 H), 4.75 (AB, 2H), 4.20 (m, 1 H), 3. 1 0 (dd, 1 H), 2.89 (dd, 1 H), 1 .45 (s, 9H). 

C. 3-(3-fSVamino-2.5-dioxoDvr rolidin-1-vlmethvnbenzonitrile hydrochloride. 
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The title compound is prepared as in EXAMPLE 1, Part C using 1-(3- 
cyanobenzyl)-2,5-dioxopyrrolidin-3-(S)-yl]carbamic acid tert-butyl ester as the 
starting material. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 8.85 (bs, 2H), 7.60 (m, 4H), 4.68 (AB, 2H), 
5 4.45 (m, 1H), 3.12 (dd, 1H), 2.80 (dd, 1H). 

D. 7-Methoxvnaphthalene-2-s ulfonic acid [1-r3.cvanobenzvh-2.5- 
dioxopvrrolidin-3-(SVvl]amide. 

The title compound is prepared as in EXAMPLE 1, Part D using 3-(3-(S)- 
10 amino-2,5-dioxopyrrolidin-1-ylmethyl)benzonitrile hydrochloride and 
7-methoxynaphthalene-2-sulfonyl chloride. 

'H NMR (CDCI 3 , 300 MHz) 8 8.31 (s, 1H), 7.91 (d, 1H), 7.81 (d, 1H), 7.70 (d, 
1H), 7.56 (m, 2H), 7.35 (m, 2H), 7.21 (m, 2H), 5.39 (bs, 1H), 4.62 (AB, 2H), 4.12 
(m, 1H), 3.92 (s, 3H), 3.15 (dd, 1H), 2.90 (dd, 1H). 

15 

E. 7-MethoxvnaPhthalene-2-sulfonic acid f143-(aminoiminomethynbenzyl]- 
2.5-dioxopvrrolidin-3-(SWI)amide trifluoroacetate. 

The title compound is prepared as in EXAMPLE 1 , Part E using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2,5-dioxopyrrolidin-3- 

20 (S)-yl]amide as the starting material. 

'H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.18 (bs, 2H), 8.42 (d, 1 H), 
8.39 (s, 1H), 8.05 (d, 1H), 7.95 (d, 1H), 7.70 (m, 3H), 7.48 (m, 3H), 7.37 (d, 1H), 
4.68 (m, 3H), 3.89 (s, 3H), 2.80 (dd, 1H), 2.32 (dd, 1H) FAB MS, [M+H] + =467. 
Elemental analysis calculated with 1 .75 mole of H 2 0: C=49.06%, H=4.36%, 

25 N=9.15%, found C=48.99%, H=4.17%, N=8.98%. 

EXAMPLE 20 

Naphthalene-2-sulfonic acid (1 -f3-fcminoiminomethynb enzyl1-2-oxopiperidin- 
3-yl}amide trifluoroacetate, 

30 

A. 3-[(N-Boc)-3-amino-2-oxopiperidin-1-ylmethyl]-benzonitrile. 
A mixture of N-a-Boc-L-ornithine (1.5 g, 6.45 mmol) and 3-cyanobenzaldehyde 
(0.42 g, 3.23 mmol) are suspended in 20 mL of MeOH. A solution of anhydrous 
zinc chbride (0.24 g, 1.79 mmol) and sodium cyanoborohydride (0.22 g, 3.5 
35 mmol) in 5 mL of MeOH is added. The mixture is stirred for 16 hours at room 
temperature. After this time, 20 mL of 1 N NaOH is added. The solution is 
concentrated and the residue is partitioned between EtOAc and water. The 
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organic layer is washed with saturated NaCI. The organic layer is dried over 
MgS0 4 , filtered and concentrated to give N-a-Boc-N-5-(3-cyanobenzyl)-L- 
ornithine. A portion of the crude residue (0.75 g, 2.16 mmol), BOP reagent 
(1.05 g, 2.38 mmol) and potassium hydrogen carbonate (1.08 g. 10 S n-..n ,1) 
5 are dissolved in 20 mL of DMF. The reaction mixture is stirred for 16 hours and 
then diluted with 300 mL of EtOAc. The organic layer is washed with 1 N HCI, 
10% Na 2 C0 3 and saturated NaCI. The organic layer is dried over MgS0 4 , 
filtered and concentrated. The residue is purified by column chromatography 
eluting with a gradient of 15% EtOAc/CH 2 CI 2 to 35% EtOAc/CH 2 CI 2 to give the 
1 0 title compound (0.26 g, 0.76 mmol) as a solid. 

1 H NMR (CDCI,, 300 MHz) 8 7.49 (m, 4H), 5.50 (bs, 1H), 4.59 (s, 2H), 4.08 
(m, 1H), 3.21 (m, 2H), 2.48 (m, 1H), 1.89 (m, 2H), 1.62 (m, 1H), 1.45 (s, 9H). 

p. Naphth alene-2-sulfonic acid ri-(3-cvanobenzvlV2-oxopiperidin-s-vl1amide. 

15 3-[(N-Boc)-3-amino-2-oxopiperidin-1-ylmethyl]-benzonitrile (0.25 g, 0.76 mmol) 
is dissolved in 5 mL of CH^. To the solution is added 1 mL of trifh;ort' V.:9tic 
acid. The mixture is stirred for 3 hours at room temperature and fcan 
concentrated. The residue is reconcentrated from toluene to give 3-(3-amino- 
2-oxopiperidin-1-ylmethyl)benzonitrile trifluoroacetate (0.23 g, 0.76 mmol) as a 

20 solid. The crude product is then treated as in EXAMPLE 1, Part D to give the 
title compound. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.49 (s, 1H), 7.94 (m, 4H), 7.51 (m, 6H), 6.10 (s, 
1 H), 4.47 (AB, 2H), 3.56 (m, 1 H), 3.20 (m. 2H). 2.52 (m, 1 H), 1 .83 (m, 3H). 

25 C. Naphthalene-2-sulf onic acid {1-[3-faminoiminomethvnben2vl]-2- 
oxopiperidin-3-vl)amide trifluoroacetate. 

The title compound is prepared as in EXAMPLE 1, Part E using naphthalene-2- 
sulfonic acid [1-(3-cyanobenzyl)-2-oxopiperidin-3-yl]amide as the start;, ig 
material. 

30 1 H NMR (DMSO-d 6 , 300 MHz) 6 9.29 (bs, 2H), 9.19 (bs, 2H), 8.48 (s, 1 

8.04 (m, 4H), 7.90 (d, 1H), 7.60 (m, 6H), 4.48 (s, 2H), 3.95 (m, 1H), 3.18 (s. 2H), 
1.86 (m, 1H), 1.69 (m, 3H). FAB MS, [M+H] + =437. Elemental analysis 
calculated with 1 mole of H 2 0: C=52.81%, H=4.79%, N=9.84%, found 
C=52.85%, H=4.77%, N=9.15%. 

35 

EXAMPLE 21 
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7-Methoxvnaphthalene-2-sulfon ic acid f1-r3-teminoiminomethvnbenzvn-2-oxo- 
azepan-3-(S)-vUamide trifluoroacetate. 

A. L-M-a-Boc-amino-e-caprolactam. 
5 L-(-)-a-Amino-e-caprolactam (5 g, 39 mmol) and triethylamine (4.9 g, 49 nr mol) 
are dissolved in 100 mL of CH 2 CI 2 . To the solution is added Boc annycnde 
(8.5 g, 39 mmol) and dimethylaminopyridine (0.1 g). The reaction mixture is 
stirred for 16 hours at room temperature. After this time, the solution is washed 
with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The organic layer is dried over 
1 0 MgS0 4 , filtered and concentrated to give the title compound (6.23 g, 27 mmol) 
as a solid. 

1 H NMR (CDCIg, 300 MHz) 6 6.15 (bs, 1H), 5.90 (bs, 1H), 4.24 (m, 1H), 3.21 
(m, 2H), 2.05 (m, 2H), 1.79 ( m, 2H), 1.45 (m, 1 1H). 

15 P- ri-(3-Cvanobenzy|)-2-oxoazepan-3-fS)-vncarbamic acid t ert-butvl ester. 
L-(-)- a-Boc-amino-e-caprolactam (1.07 g, 4.7 mmol) is dissolved in 45 mL of 
THF and cooled to 0°C. To the solution is added a 1M solution of lithium 
hexamethyldisilylazide (4.7 mL, 4.7 mmol) in THF. The mixture is stirred fer 30 
minutes at 0°C. To the resulting solution is added a-bromo-m-toluyl nrtrile (0.9 

20 g, 4.7 mmol). The reaction mixture is stirred for 4 hours. The solution is diluted 
with 100 mL of EtOAc and is washed with 1 N HCI, 10% NagCCv, and saturated 
NaCI. The organic layer is dried over MgSQ,, filtered and concentrated. The 
residue is purified by column chromatography eluting with 20% EtOAc/CH 2 CI 2 
to give the title compound (1.05 g, 3.1 mmol) as a solid. 

25 1 H NMR (CDCI 3 , 300 MHz) 5 7.45 (m, 4H), 5.95 (d. 1H), 4.85 (AB, 1H), 4.35 
(AB, 1H), 4.40 (m, 1H), 3.48 (m, 1H). 3.15 (dd. 1H), 2.05 (m, 1H), 1.90 (m, 1H), 
1.70 (m, 2H), 1.49 (m, 1H), 1.45 (s, 9H), 1.20 (m, 1H). 

C. 3-r3-(SVAminn-2-oxoazeo an-1-vlmethvnbenzonitrile hvdrochloridfi. 
30 The title compound is prepared as in EXAMPLE 1 , Part C using [1-(3- 
cyanobenzyl)-2-oxoazepan-3-(S)-yl]carbamic acid tert-butyl ester as th5 
starting material. El MS, [M]+=243. 

P. 7-Methoxvnaphthalene-2-sulfonic acid M-f3-cv anobenzvn-2-oxoazepan-3- 
35 (SWIIamirifl. 

The title compound is prepared as in EXAMPLE 1, Part D using 3-(3-(S)- 
amino-2-oxoazepan-1-ylmethyl)benzonitrile hydrochloride and 
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7-methoxynaphthalene sulfonyl chloride as the starting materials. 
1 H NMR (CDCI 3I 300 MHz) 8 8.32 (s, 1 H), 7.88 (m, 2H), 7.68 (d, 1 H), 7.29 (m, 
3H), 7.08 (m. 1H), 6.96 (m, 1H), 6.35 (d, 1H), 4.80 (AB, 1H), 4.10 (AB, 1H), 4.00 
(m, 1H), 3.92 (s, 3H), 3.19 (m, 1H), 3.05 (m, 1H), 2.18 (m, 1H), 1.95 (m, 1H), 
5 1.65 (m, 2H), 1.18 (m,3H). 

E. 7-MethoxvnaDhthalene-2-sulfonic acid (143-faminoiminomethviyben;?il^ 
oxoazepan-3-fSV-yllamide trifluoroacetate. 

The title compound is prepared as in EXAMPLE 1, Part E using 7-methoxy 
10 naphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxoazepan-3-(S)-yl]amide 
as the starting material. 

'H NMR (DMSO-de, 300 MHz) 8 9.28 (bs. 2H), 9.08 (bs, 2H), 8.32 (s, 1 H), 
7.95 (m, 2H), 7.79 (d, 1H), 7.62 (m, 3H), 7.60 (d, 1H), 7.32 (m, 2H), 7.10 (d, 1H), 
4.13 (AB, 2H), 3.89 (s, 3H), 3.40 (m, 1H), 3.15 (m, 1H), 1.79 (m, 3H), 1.51 (m, 
1 5 3H), 1 .12 (m, 1 H). FAB MS. [M+H] + =481 . Elemental analysis calculated with 
0.5 mole of H 2 0: C=53.73%, H=5.01%, N=9.28%, found C=53.77%, H=4.86%. 
N=9.26%. 

EXAMPLE 22 

20 7-Meth0xynaphthalene-2-sulfpnic apid {1 -rg-faminoiminQmethyOhQr^^-rjaxa: 
pvrrolidin-3-(SVvl)methvl amide trifluoroacetate. 

A. 7-Methoxvnaphthalene-2-sulfonic acid f1-f3-cvanobenzvh-2-oxopvrrolidin- 
3-(S^-y0methvl amide. 

25 The title compound is prepared as in EXAMPLE 17, Part A using 7- 

methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide as the starting material. 

1 H NMR (CDCIg, 300 MHz) 8 8.44 (d, 1H), 7.92 (d, 1H), 7.82 (m, 2H), 7.61 (m, 
1H), 7.47 (m, 3H), 7.28 (m, 2H), 4.97 (m, 1H), 4.53 (AB, 1H), 4.39 (AB, 1H), 3.96 
30 (s, 3H), 3.1 3 (m, 2H), 2.83 (s, 3H), 2.36 (m, 1 H), 2.37 (m, 1 H), 2.06 (m, 1 H). 

B. 7-Methoxvnaphthalene-2-sulfonic acid {1-f3-faminoiminomethvnben ;t\.?]-2- 
oxoDvrrolidin-3-(S)-vl}methyl amide trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 1 , Part E using 
35 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]methyl amide as the starting material. 
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1 H NMR (DMSO-d 61 300 MHz) 8 9.28 (bs, 2H), 9.07 (bs, 2H), 8.38 (s, 1 H), 8.01 
(d, 1H), 7.93 (s, 1H), 7.68 (m, 2H), 7.54 (m, 4H), 7.33 (d, 1H), 4.90 (m, 1H), 4.40 
(AB, 2H), 3.88 (s, 3H), 3.12 (m, 2H), 2.66 (s, 3H), 1.98 (m, 1H), 1.75 (m, iH). 
FAB MS, [M+H] + =467. Elemental analysis calculated with 2.5 mole of H 2 G: 
5 C=49.92%, H=5.16%, N=8.96%, found C=50.03%, H=4.56%, N=8.70%. 

EXAMPLE 23 

3-(3-tSVAmino-2-oxopvrrolidin-1-ylme thynbsnzonitrile hydrochloride. 

10 A. (2-OxoDvrrolidin-3-fS>-vn-carbamic aci d tert-butyl ester. 

To a solution of (S)-Boc-diaminobutyric acid (25 g, 115 mmol), triethylamine 
(35 g, 344 mmol), and hydroxybenzotriazole (19.3 g, 143 mmol) in 0.5 L of THF 
is added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (27.4 g, 
143 mmol). The solution is heated to 60°C over 15 minutes. A white 

15 precipitate forms and the solution is kept at 60°C for 4 hours. After this time, the 
solution is filtered and the collected liquid is concentrated. The cruae product 
is purified by column chromatography in a gradient of 1% MeOH/CH 2 CI 2 to 3% 
MeOH/CH 2 CI 2 to afford the title compound (19.6 g, 98 mmol) as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 56.17 (bs, 1H), 5.08 (bs, 1H), 4.12 (m, 1H), 3.33 (m. 

20 2H), 2.65 (m, 1H), 2.00 (m, 1H), 1.42 (s, 9H). 

B. ri-(3-Cvanobenzvl)-2-oxoDvrrolidin-3-(SVvHcarbamic acid tert- butyl ester. 
To a solution of (2-oxopyrrolidin-3-(S)-yl)-carbamic acid tert-butyl ester (9 g, 45 
mmol) and a-bromo-m-toluyl nitrile (9.3 g, 47 mmol) in 225 mL of THF/DMF 

25 (10:1) at 0°C is added a 60% mineral oil dispersion of sodium hydride (1 .8 g, 
46 mmol). The reaction mixture is stirred at 0°C for 0.5 hours and then is 
allowed to warm to ambient temperatures. After 3 hours, the reaction mixture is 
quenched by the addition of saturated NH 4 CI and diluted with EtOAc. Tr.o 
layers are separated. The organic layer is washed with 1 N HCI, H z O and 

30 saturated NaCI. The organic layer is dried over MgS0 4 , filtered, and 

concentrated. The crude product is purified by column chromatography eluting 
with gradient of 20% EtOAc/hexanes to 40% EtOAc/hexanes to afford the title 
compound (12.7 g, 40 mmol) as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 7.55 (m, 4H), 5.18 (bs. 1 H), 4.47 (AB, 2H), 4.18 
35 (dd, 1 H), 3.21 (m, 2H), 2.60 (m, 1H), 1.42 (s, 9H). 

C. 3-(3-fSVAmino-2-oxopyrroli din-1 -ylmethvh benzonitrile hydrochloride. 
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To a solution of [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]carbamic aod tert- 
butyl ester (9.1 g, 29 mmol) in 150 mL of EtOAc at 0°C is bubbled HCI gas for 
10 minutes. After this time, the solution is stirred for 4 hours. The solution is 
then concentrated to give the title compound (7.3 g, 29 mmol) as a white solid. 
5 1 H NMR (DMSO-d 6 , 300 MHz) 5 8.71 (bs, 3H), 7.85 (m, 2H), 7.70 (m, 2H), 4.58 
(AB, 2H), 4.13 (m, 1H), 3.32 (m, 2H), 2.44 (m, 1H), 2.18 (m, 1H). 

EXAMPLE 24 

6-Methoxvnaphthalene-2-sulfonic acid (1 -r3-fcminoiminomethvnbenzyl]-2- 
10 oxopvrrolidin-3-fSVvllamide trifluoroacetate. 

A. 6-Methoxvnaphthalene-2-sulfonvl chloride. 

To a suspension of 6-hydroxynaphthalene-2-sulfonic acid, sodium rait 05 \j, 
20.3 mmol) in 40 mL of 2:1 H 2 0/ethanol is added solid NaOH (0.89 g, 22.3 

15 mmol) at room temperature. The resulting black mixture is stirred until a 

homogenous solution forms, and dimethyl sulfate (2.11 mL, 22.3 mmol) is then 
added. The mixture is stirred over a period of 16 hours as a precipitate 
eventually forms. The crude mixture is concentrated in vacuo and the residue 
is stirred in 70 mL of absolute EtOH as a slurry. The precipitate is filtered and 

20 dried. The solid is heated at reflux in 100 mL of 95% EtOH for 2.5 hours 

allowed to cool to room temperature, filtered and dried to give 3.31 g of crude 
6-methoxynaphthalene-2-sulfonic acid, sodium salt. A mixture of the sulfonic 
acid, sodium salt (3.31 g, 12.7 mmol) in 5.3 mL of phosphorous oxychloride 
and phosphorous pentachloride (3.44 g, 16.5 mmol) is heated slowly to 60°C 

25 until a homogenous solution forms and then is heated at 120°C for 4 hoiirs. 
The resulting mixture is allowed to stir at room temperature overnight, than is 
added slowly to a mixture of ice/ice water. The mixture is diluted with water 
and extracted with CHCI 3 . The combined organic layers are washed 
successively with water and saturated NaHC0 3 solution. The organic phase is 

30 dried over anhydrous MgS0 4 , filtered and concentrated to give 4 g of a crude 
product. The crude product is purified by column chromatography in a gradient 
of 10% EtOAc/hexanes to 20% EtOAc/hexanes to afford the title compound 
(1.51 g, 5.88 mmol) as a crystalline solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.50 (d, 1H), 7.91 (m, 3H), 7.31 (d, 1H), 7.21 (d, 
35 1 H), 3.99 (s, 3H). El MS, [M] + =256. 
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B. 6-Methoxvnaphthalene-2-sulfo nic acid ri-(3-CYanobenzvn-2-oxopvrrolidin- 
3-(SVvllamide. 

3-(3-(S)-Amino-2-oxopyrrolidin-1-ylmethyl)benzonitrile hydrochloride (0.20 g, 
0.79 mmol) is suspended in 10 mL of CH 2 CI 2 . To the solution is added 
5 triethylamine (0.24 g, 2.37 mmol) followed by 6-methoxynaphthalene-2- 

sulfonyl chloride (0.25 g, 0.99 mmol). After stirring for 1.5 hours the solution is 
diluted with EtOAc and washed with 1 N aqueous HCI, water, saturated 
NaHC0 3 solution and saturated NaCI solution. The organic layer is dried over 
MgS0 4 , filtered and concentrated to provide crude material which is purified by 
1 0 column chromatography in a gradient of 20% EtOAc/ CH 2 CI 2 to 50% 

EtOAc/CH 2 CI 2 to afford the title compound (0.18 g, 0.41 mmol) as a solid. 
1 H NMR (CDCI 3 , 300 MHz) 5 8.40 (s, 1H), 7.90 (m, 3H), 7.59 (m, 1H), 7.46 (m, 
3H), 7.29 (m, 1H), 7.20 (d, 1H), 5.40 (d, 1H), 4.40 (s, 2H), 3.99 (s, 3H), 3.75 (m, 
1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.13 (m, 1H). 

15 

q. 6-MethQxynaphthgiene-2-$uifQnip acid {i-[3-(aminQiminpmethyi)benzyi]-2- 

oxopvrrolidin-3-(SVvHamide trifluoroacetate. 

6-Methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide (0.18 g, 0.41 mmol) is dissolved in 10 mL of a 2:1 mixture of 

20 EtOH/CH 2 CI 2 . The solution is cooled to 0°C and HCI gas is bubbled through 
the solution for 10 minutes. The ice bath is removed and the reaction mixture is 
stirred at room temperature for 18 hours. After this time, the solu»w.-! «s 
concentrated and pumped under high vacuum until dry. The residue is 
dissolved in 10 mL of methanol, cooled to 0°C and ammonia gas is bubbled 

25 through the solution for 10 minutes. The reaction mixture is stirred at room 
temperature for 42 hours. After this time, the solution is concentrated and the 
residue is purified by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 
(0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) over a 30 min period. The 
appropriate fractions are lyophilized to give the title compound (0.11 g, 0.19 

30 mmol) as an amorphous white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.30 (bs, 2H), 9.10 (bs, 2H), 8.40 (s, 1H), 8.19 
(d, 1H), 8.04 (d, 1H), 8.00 (d, 1H), 7.82 (dd, 1H), 7.68 (m, 1H), 7.55 (m, 3H), 
7.45 (d, 1H), 7.30 (dd, 1H), 4.42 (AB, 2H), 4.15 (m, 1H), 3.91 (s, 3H), 3.09 (m, 
2H), 1.99 (m, 1H), 1.58 (m, 1H). FAB MS, f.M+H] + =453. Elemental analysis 

35 calculated with 2.5 mole of H 2 0: C=50.60%, H=5.13%, N=9.45%; touna 
C=50.66%, H=4.28%, N=9.13%. 
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EXAMPLE 25 

6-Methoxvnaphthalene-2-sulfonic acid (1 ^3-faminoiminomethvl>benzvl)-2- 
oxoDvrrolidin-3-fS)-vltmethvl amide trifluoroacetate. 

5 A. 6-Methoxvnaphthalene-2-sulfonic acid {1-(3-cvanob enzvn-2-oxopvrrolidin- 
3-(SVvllmethvl amide. 

6-Methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide (0.24 g, 0.55 mmol) is dissolved in 5 mL of an 8:1 mixture of 
THF/DMF and cooled to 0°C. Sodium hydride (24 mg of a 60% dispersion in 

1 0 mineral oil, 0.61 mmol) is added and the solution is stirred for 15 minutes. To 
the mixture is added methyl iodide (0.15 g, 1.10 mmol). The cooling bath is 
removed and the solution is stirred at room temperature for 2 hours. The 
solution is poured into a separatory funnel and diluted with 100 mL of EtOAc. 
The organic layer is washed with 1 N HCI, saturated NaHC0 3 and saturated 

15 NaCI, then dried over MgS0 4 , filtered and concentrated. The crude residue is 
purified by column chromatography eluting with 25% EtOAc/CH 2 CI 2 to g<Ve the 
title compound (0.23 g, 0.51 mmol) as a solid. 

'H NMR (CDCI 3 , 300 MHz) 8 8.45 (s, 1 H), 7.87 (m, 3H), 7.59 (m, 4H), 7.20 (m, 
2H), 4.95 (m, 1 H), 4.44 (AB, 2H), 3.95 (s, 3H), 3.21 (m, 2H), 2.80 (s, 3H), 2.40 
20 (m, 1H),2.09(m, 1H). 

B. 6-Methoxvnaphthalene-2-sul fonic acid {1-r3-(aminoiminomethvnbenzyll-P- 
OXOPvrro!idin-3-(SVvl)methvl amide t rifluoroacetate. 

The title compound is prepared as described in EXAMPLE 24, Part C using 6- 
25 methoxynaphthalene-2-sulfonic acid l1-(3-cyanobenzyI)-2-oxopyrrolidin-3-(S)- 
yl]methyl amide as the starting material. The imidate intermediate is formed 
over a period of 18 hours at room temperature. The amidine formation 
occurred over a period of 18 hours at room temperature. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFa\) to 
30 60% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.17 (bs, 2H), 8.43 (d, 1H), 8.06 
(d, 1H), 7.99 (d, 1H), 7.81 (dd, 1H), 7.70 (m, 1H), 7.58 (m, 3H), 7.46 (d, 1H), 
7.30 (dd, 1H), 4.92 (m, 1H), 4.43 (AB, 2H), 3.90 (s, 3H), 3.17 (m, 2H), 2.67 (s, 
35 3H), 2.00 (m, 1H), 1.79 (m, 1H). FAB MS, [M+H] + =467. Elemental analysis 
calculated with 1.8 mole of H 2 0: C=50.91%, H=5.04%, N=9.13%, found 
C=50.92%, H=4.55%, N=8.83%. 
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EXAMPLE 26 

2-r(1-r3-(Aminoiminomethvnbenzvll-2-oxoDvrrolid in-3-fSVvl}-6- 
methoxvnaDhthalene-2-sulfonvlamino1-N.phenethvlacetamid 6 trifluoroacetate. 

5 

A- 2-f{1-f3-Cvanobenzvl)-2-oxopvrrolidin-3-fSVvn-6-methoxvnaphthalene-2- 
sulfonvlaminoT-N-acetic aci d t-butyl ester. 

To a solution of 6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as described in EXAMPLE 24 part B, 

10 (0.33 g, 0.76 mmol) and t-butyl bromoacetate (0.15 g, 0.77 mmol) in DMF 
(6 mL) is added KgCOa (0.21 g, 1.5 mmol). The reaction mixture is stirred for 
3 hours. After this time, the reaction mixture is diluted with EtOAc and H 2 C. 
The layers are separated. The organic layer is washed with H 2 0 and saturated 
NaCI. The crude product is purified by column chromatography in a gradient of 

1 5 1 0% EtOAc/CH 2 CI 2 to 20% EtOAc/CHLCL. to afford the title compound (0.42 g, 
0.76 mmol) as a white foam. 

P. 2-f( 1 -(3-Cvanobenzvn-2-oxoDvrrolidin-3-rs^-yl)- 6-methoxvnanhthalene-2. 
sulfonvlaminol-N-anfltin aniri 

20 2-[{1-(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-6-methoxynaphthalene-2- 
sulfonylamino]-N-acetic acid t-butyl ester is dissolved in 25 mL 
C^CL/trifluoroacetic acid (5:1). After 3 hours, the solution is concentrated to 
give the title compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.39 (s, 1H), 7.85 (m, 3H), 7.60 (d, 1H), 7.49 (m, 
25 3H), 7.19 (m, 2H), 4.77 (t, 1H), 4.51 (AB, 2H), 4.02 (m, 1H), 3.92 (s, 3H), 3.32 
(m, 1H), 3.28 (m, 2H), 2.39 (m, 1H), 2.11 (m, 1H). 

C. 2-f(1-(3-Cvanobenzvl>-2-oxQPvrrolidin-3-(SVyl !-6-methQxvnaphthalene-2- 
sulfonvlaminoyN- ohenethvlacetamide. 

30 To a solution of 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-6- 

methoxynaphthalene-2-suKonylamino]-N-acetic acid (0.41 g, 0.83 mmol), 
triethylamine (0.28 g, 2.8 mmol) and phenethylamine (0.28 g, 2.8 mmol) in 8 
mL of DMF is added benzotriazol-1-yloxy-tris(dimethylamino)phosphonium 
hexafluorophosphate (0.37 g, 0.83 mmol). The solution is stirred for 16 hours. 

35 After this time, the solution is diluted with EtOAc. The organic layer is washed 
with 1 N HCI, 10% NagCOg and saturated NaCI. The organic layer is dried over 
MgS0 4 , filtered, and concentrated. The crude product is purified by column 
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chromatography eluting with gradient of 10% EtOAc/CH 2 CI 2 to 20% 
EtOAc/CH 2 CI 2 to afford the title compound (0.40 g, 0.70 mmol) as a white solid. 
'H NMR (CDCI 3f 300 MHz) 8 8.38 (s, 1H), 7.86 (m, 4H), 7-51 (m, 4H), 7.19 (m, 
6H), 4.58 (AB, 1H), 4.38 (m, 3H), 3.91 (m, 3H), 3.78 (AB, 2H), 3.29 (m, 4H) t 2.62 
5 (m, 2H), 2.21 (m, 2H). 

D. 2-f(1-f3-(Aminoiminomethvnbenzvn-2-oxoDvrrol idin-3-fS)-yl}-6- 

methPxvnaphthaiene-g-suifQnyiaminoi-N-phenethyiacetami de trifiuo r oa Qetate , 
The title compound is prepared as described in EXAMPLE 24, Part C using 2- 

10 [{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-6-methoxynaphthalene-2- 
sulfonylamino]-N-phenethylacetamide as the starting material. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/ H,0 f0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product f:actinns are 
lyophilized to provide the title compound as a white solid. 

15 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.30 (bs, 4H), 8.48 (s, 1H), 8.19 (m, 1H), 8.00 
(m, 2H), 7.88 (m. 1H), 7.69 (m, 1H), 7.54 (m, 3H), 7.42 (m, 1H), 7.18 (m, 5H), 
4.80 (t, 1H), 4.41 (m, 2H), 3.89 (m, 4H), 3.56 (m, 1H), 3.18 (m, 4H), 2.62 (m, 2H), 
2.01 (m, 2H). FAB MS, [M+H]*=614. Elemental analysis calculated with 2.25 
mole of H 2 0 cal. C=54.90%, H=4.79%, N=9.01%, found C=54.72%, H=5.31%, 

20 N=9.12%. 

EXAMPLE 27 

9. 1 0-Dioxo-8a.9. 1 0. 1 0a-tetrahvd roanthracene-2-sulfonic acid (1 -f3- 
(aminoiminomethvnbenzvn-2-oxo pvrrolidin-3-rS^-vl)amide trifluoroacstn te. 

25 

A. Anthraauinone-2-sulfonvl chloride. 

A mixture of anthraquinone-2-sulfonic acid, sodium salt (5 g, 15.2 mmol) in 6.4 
mL of phosphorous oxychloride and phosphorous pentachloride (4.12 g, 19.8 
mmol) is heated slowly to 60°C until a homogenous solution forms and then is 

30 heated at 120°C for 4 hours. The resulting mixture is cooled in an ice bath and 
a mixture of ice/ice water is added slowly with stirring. The mixture is diluted 
with water and extracted twice with CHCI 3 . The combined organic layers are 
washed successively with saturated NaHC0 3 solution and saturated NaCI 
solution. The organic phase is dried over anhydrous MgS0 4 , filtered and 

35 concentrated to give 4.50 g of crude product sulfonyl chloride which is of 
sufficient purity to be used in subsequent reactions. 
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1 H NMR (CDCI3, 300 MHz) 8 8.99 (d, 1H), 8.58 (d, 1H), 8.39 (m, 3H), 7.90 (m, 
2H). EIMS,[M] + =306. 

B. 9.10-Dioxo-8a.9.10.10a-tetrahydroanthracene-2-sulfonic acid H-(3- 
5 cyanobQnzvn -2-Qxopvrrolidin-3-fSVvnamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 
anthraquinone-2-sulfonyl chloride in place of 6-methoxynaphthalene-?- 
sulfonyl chloride. The crude product is purified by column chromatography in a 
1 0 gradient of 20% EtOAc/CH 2 CI 2 to 40% EtOAc/CHgClj to give the title compound 
as a solid. 

1 H NMR (CDCI3, 300 MHz) 8 8.82 (d, 1H), 8.41 (d, 1H), 8.30 (m, 3H). 7.85 (m, 
2H), 7.58 (d, 1H), 7.47 (m, 3H), 6.20 (bs, 1H), 4.50 (AB, 2H), 4.03 (m, 1H), 3.29 
(m, 2H), 2.69 (m, 1H), 2.15 (m, 1H). 

15 

0, 9, 1 Q-PipxQ-8a,9, 1 Q, 1 Qa-tetrahydrpanthracene-2-sulfonic acid {1 -[3- 

raminoiminomethvnbenzyl]-2-oxopyrrolidin-3-rSVyl}amide trifluoroacetate. 
9, 1 0-Dioxo-8a,9, 1 0,1 0a-tetrahydroanthracene-2-sulfonic acid [1 -(3- 
cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide is converted to the title compound 

20 as described in EXAMPLE 24, Part C. The imidate intermediate is formed over 
a period of 18 hours at room temperature. The amidine formation occurred 
over a period of 18 hours at room temperature. The crude product is purified 
by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 
CHgCN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 

25 provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.05 (bs, 2H), 8.63 (d, 1H), 8.59 
(d, 1H), 8.32 (m, 2H), 8.20 (m, 2H), 7.94 (m, 2H), 7.61 (m, 1H), 7.50 (m, 3H), 
4.36 (AB, 2H), 4.21 (m, 1H), 3.08 (m, 2H), 2.09 (m, 1H), 1.60 (m, 1H). FAB MS, 
[M+H] + =503. Elemental analysis calculated with 1 .8 mole of H 2 0: C=51 .78%, 

30 H=4.14%, N=8.63%, found C=51.79%, H=3.82%, N=8.28%. 
EXAMPLE 28 

8-Chloro-7-methoxynaphthalerie-2-sulfonic acid f1-f3- 
(aminoiminomethvnbenzyl]-2-oxopvrrolidin-3-fSVvHamide trifluoroacetate. 

35 

A. 8-Chloro-7-methoxynaphthalene-2-sulfonyl chloride. 

The title compound is prepared as described in EXAMPLE 24, Part A using 
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7-hydroxynaphthalene-2-sulfonic acid, sodium salt (15 g, 60.9 mmol) in place 
of 6-hydroxynaphthalene-2-sulfonic acid, sodium salt. The crude 7- 
methoxynaphthalene-2-sulfonic acid, sodium salt (12.6 g) obtained is likewise 
chlorinated in the presence of excess phosphorous oxychloride and 
5 phosphorous pentachioride. The crude product (10 g) is purified by column 
chromatography in a gradient of 5% EtOAc/hexanes to 30% EtOAc/hexanes to 
afford the title compound (1.49 g, 5.12 mmol) as the minor component as a 
solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.95 (d, 1H), 8!01 (d, 1H), 7.90 (d, 2H), 7.55 (d, 
10 1 H), 4.09 (s, 3H). El MS, [M] + =290. 

The 7-methoxynaphthalene-2-sulfonyl chloride (3.80 g, 14.8 mmol) is also 
isolated as the major component from the above procedure as a white 
crystalline solid. 

1 H NMR (CDCIg, 300 MHz) 8 8.49 (d, 1H), 7.96 (d, 1H), 7.85 (d, 2H), 7.39 (dd, 
15 1 H), 7.29 (d, 1 H), 3.99 (s, 3H). El MS, [Mr=256. 

B. 8-Chloro-7-methoxvnaphthalene-2-sulfonic acid n-f3-cy anobenzyh-2- 
oxoDvrrolidin-3-rsVylfomirift 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidiii-1- 
20 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 8-chloro- 
7-methoxynaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene- 
2-sulfonyl chloride. The crude product is triturated from 50% EtOAc/hexanes 
solution to give the title compound as a beige solid. 

1 H NMR (CDCI 3 , 300 MHz) 88.81 (s, 1H), 8.00 (d, 1H), 7.86 (m, 2H), 7.59 (m, 
25 1H), 7.45 (m, 4H), 5.49 (s, 1H), 4.47 (s, 2H), 4.10 (s, 3H), 3.81 (m, 1H), 3.22 (m, 
2H),2.65(m, 1H),2.10(m, 1H). 



C. 8-Chloro-7-m9thoxvnaphth alene-2-sulfonic acid f1-f3- 
(aminoiminomethvnbenzvn-2-ox opvrrolidin-3-fS)-vl)amide trifluoroacetate. 

30 8-Chloro-7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 

oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 18 
hours at room temperature. The amidine formation occurred over a period of 
18 hours at room temperature. The crude product is purified by RP-HPLC 

35 eluting in a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % 
TFA'i and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 
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1 H NMR (DMSO-d 6> 300 MHz) 8 9.35 (bs, 2H), 9.30 (bs, 2H), 8.60 (s, 1H) ; 8.41 
(d, 1H), 8.15 (d, 1H), 8.10 (d, 1H), 7.81 (dd, 1H), 7.76 (d, 1H), 7.68 (m, 1H), 7.55 
(m, 3H), 4.41 (AB, 2H), 4.21 (m, 1H), 4.08 (s, 3H), 3.10 (m, 2H), 2.00 (m, 1H), 
1.60 (m. 1H). FAB MS, [M+H] + =487. Elemental analysis calculated with 1 mole 
5 of H 2 0: C=48.54%, H=4.23%, N=9.06%; found C=48.53%. H=4.08%, N=8.72%. 

EXAMPLE 29 

7-Methoxvnaphthalene-2-sulfonic add { 1-f4-fcminoiminomethvnbenzyl]-2- 
OXQDvrrolidin-3-fSWl)amide triflnnmarPtatP 

10 

A. Boc-L-AspM-OBn 

Boc-L-Asp-OBn (15 g, 46.4 mmol) is dissolved in 50 mL of THF and cooled to 
-10°C. The solution is treated with N-methylmorpholine (4.9 g, 48.7 mmol) and 
stirred for 5 minutes. To the solution is added dropwise isobutyl chlorcformate 

1 5 (6.3 g, 46.4 mmol). After the addition is completed, the solution is stirred for 1 
minute, then filtered through a pad of Celite. The collected solution is cooled to 
-10°C. To the solution is added sodium borohydride (2.63 g, 70 mmol) 
predissolved in 50 mL of water. The solution is stirred for 2 minutes. The 
solution is poured into a separatory funnel and diluted with 800 mL of EtOAc. 

20 The organic layer is washed with water and saturated NaCI. The organic layer 
is dried over MgS0 4 , filtered and concentrated. The resulting residue is added 
to a solution of oxalyl chloride (30 mL of a 2 M solution in CH 2 CI 2 , 60 mmol), 
and methyl sulfoxide (7.25 g, 92.8 mmol) in 250 mL of CHjC^ at -78°C. The 
reaction mixture is stirred at -78°C for 40 minutes, then triethylamine (14 g, 140 

25 mmol) is added. The reaction mixture is stirred at -78°C for 1 hour and then is 
stirred at room temperature for 30 minutes. The solution is poured into 200 mL 
of a 20% citric acid/water solution. The resulting mixture is poured .ntc c. 
separatory funnel and the layers are separated. The organic layer is washed 
with water and saturated NaCI. The organic layer is dried over MgS0 4 , filtered 

30 and concentrated. The residue is purified by column chromatography eluting 
with a gradient of 10% EtOAc/hexanes to 30% EtOAc/hexanes. The product 
aldehyde (12 g, 39 mmol) is obtained as an oil. 

1 H NMR (CDCI 3 , 300 MHz) 89.68 (s, 1H), 7.32 (m. 4H), 5.42 (bs, 1H). 5.16 (s, 
2H), 4.62 (m, 2H), 3.05 (ddd, 2H), 1.40 (s, 9H). 



B, n-(4- Cvanobenzvl)-2-oxoDvrrolidin-3-fSVvncarbamic acid terf-hutvl ester 
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To a solution of Boc-L-Asp(H)-OBn (1.82 g, 5.93 mmol) dissolved in 30 mL of 
methanol is added p-cyanobenzylamine hydrochloride (1 g, 5.93 mmol) and 
triethylamine (0.66 g, 6.52 mmol). The solution is stirred for 45 minutes. After 
this time, a solution of sodium cyanoborohydride (0.41. g, 6.52 mmol) and zinc 
5 . chloride (0.41 g, 3 mmol) in 6 mL of MeOH is added. The mixture is stirred for 
an additional 1.5 hours. After this time, 5 mL of 0.5 N NaOH and 10 mL of 
water is added, and the resulting mixture is concentrated. The residue is 
treated with 40 mL of water and 300 mL of EtOAc. The solution is filtered 
through a pad of Celite, poured into a separatory funnel and the layers are 

10 separated. The organic layer is washed with 1 N HCI, 10% Na^CC^ and 
saturated NaCI. The organic layer is dried over MgS0 4 , filtered and 
concentrated. The residue is purified by column chromatography eluting with a 
gradient of 10% EtOAc/CH 2 CI 2 to 35% EtOAc/CH 2 C! 2 to give the titie compound 
(0.67 g, 2.12 mmol) as a solid. 

15 'H NMR (CDCLj, 300 MHz) 87.62 (d, 2H), 7.31 (d, 2H), 5.15 (bs, 1H), 4.53 (AB, 
2H), 4.21 (m, 1H), 3.24 (m, 2H), 2.61 (m, 1H), 1.90 (m, 1H), 1.46 (s, 9H). 

C. 4-(3-fSVAmino-2-oxoDvrrolidin-1 -ylmethvnbenzonitrile hydrochloride. 
The title compound is prepared as a white solid from [1-(4-cyanobenzyl)-2- 
20 oxopyrrolidin-3-(S)-yl]carbamic acid fert-butyl ester as described in EXAMPLE 
23, Part C. 

'H NMR (DMSO-d 6 , 300 MHz) 5 8.65 (bs, 3H), 7.81 (d, 2H), 7.49 (d, 2H), 4.54 
(AB, 2H), 4.08 (m, 1H), 3.30 (m, 2H), 2.40 (m, 1H), 2.01 (m, 1H). 

25 D. 7-Methoxvnaphthalene-2-sulfonic acid [1-f4-cvanobenzvn-2-oxopvrroiidin- 
3-(Sl-vl1amide. 

The title compound is prepared from 4-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 7- 
methoxynaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene-2- 
30 sulfonyl chloride. The crude product is triturated from EtOAc to give the title 
compound as a white solid. 

'H NMR (CDCI3, 300 MHz) 5 8.36 (s, 1H), 7.93 (d, 1H), 7.81 (d, 1H), 7.75 (dd, 
1H), 7.60 (d, 2H), 7.31 (dd, 1H), 7.25 (m, 3H), 5.38 (s, 1H), 4.45 (AB, 2H), 3.93 
(s, 3H), 3.74 (m, 1 H), 3.20 (m, 2H), 2.61 (m. 1H), 2.10 (m, 1H). 

35 

E. 7-Methoxvnaphthalene-2-sulfonic acid {1-r4-faminoiminomethynbenzyl]-2- 
oxopvrrolidin-3-rSWI}amide trifluoroacetate. 
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7-Methoxynaphthalene-2-sulfonic acid [1 -(4-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide is converted to the title compound as described in EXAMPLE 24, 
Part C. The imidate intermediate is formed over a period of 18 hours at room 
temperature. The amidine formation occurred over a period of 18 hours at 
5 room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 6 9.22 (bs, 2H), 9.18 (bs, 2H), 8.31 (s, 1H), B.20 
10 (d, 1 H), 7.96 (d, 1 H), 7.86 (d, 1 H), 7.70 (d, 2H). 7.66 (dd, 1 H), 7.49 (d, 1 H), 7.34 
(d. 2H), 7.28 (dd, 1H), 4.38 (AB, 2H). 4.10 (m, 1H), 3.82 (s, 3H), 3.03 (m, 2H), 
1.96 (m, 1H), 1.52 (m, 1H). ISP MS, [M+H] + =453. Elemental analysis 
calculated with 1.2 mole of H 2 0: C=51.09%, H=4.69%, N=9.53%, found 
C=51.09%, H=4.35%. N=9.31%. 

15 

EXAMPLE 30 

6.7-Dimethoxvnaphthalene-2-sulfonic acid {j -f3-teminoiminom ethvnbenzvn-2- 

oxopyrroiidin-3-(S)-y|}amide trifluoroacetate. 

20 A. 6.7-Dimethoxvnaphthalene-2-sulfonvl chloride. 

The title compound is prepared as in EXAMPLE 24, Part A using 
6,7-dihydroxynaphthalene-2-sulfonic acid, sodium salt hemihydrato in j:!dce of 
6-hydroxynaphthalene-2-sulfonic acid, sodium salt. The crude product mixture 
is purified by column chromatography in a gradient of 10% EtOAc/hexanes to 

25 30% EtOAc/hexanes to give the title compound as the major component. 
'H NMR (CDCI 3( 300 MHz) 8 8.45 (d, 1H), 7.89 (s, 2H), 7.29 (d, 1H), 7.20 (s, 
1H), 4.09 (s, 3H), 4.07 (s, 3H). El MS, [M] + =286. 

B. 6.7-Dimethoxvnaphthalene-2-sulfonic acid n-(3-cvanobenzvh-2- 

30 oxopvrrolidin-3-fS)-vnamidQ. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 6,7- 
dimethoxynaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene- 
2-sulfonyi chloride. The crude product is purified by column chromaiOG.aphy in 

35 50% EtOAc/CH 2 CI 2 to afford the title compound as a beige solid. 
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1 H NMR (CDCI 9 . 300 MHz) 8 8.31 (d, 1H), 7.81 (m, 2H), 7.59 (m, 1H), 7.45 (m, 
3H), 7.20 (d, 2H), 5.39 (d, 1H), 4.48 (AB, 2H), 4.07 (s, 3H), 4.06 (s, 3H), 3.75 (m, 
1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.10 (m, 1H). 

5 C. 6.7-Dimethoxynaphthalene-2-sulfonic acid {1-[3- 

faminoiminomethvnbenzyl]-2-oxopvrrolidin-3-(SVyl}amide trifluoroacetate. 
6,7-Dimethoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin- 
3-(S)-yl]amide is converted to the title compound as described in EXAMPLE 
24, Part C. The imidate intermediate is formed over a period of 18 hours at 
10 room temperature. The amidine formation occurred over a period of 18 hours 
at room temperature. The crude product is purified by RP-HPLC eluiin.;: in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

15 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.29 (bs, 2H), 9.12 (bs, 2H), 8.28 (d, 1H), 8.09 
(d, 1H), 7.90 (d, 1H), 7.67 (m, 2H), 7.52 (m, 4H), 7.40 (s, 1H). 4.40 (AB, 2H), 
4.10 (m, 1H), 3.90 (s, 3H), 3.91 (s, 3H), 3.05 (m, 2H), 1.92 (m, 1H), 1.53 (m, 1H). 
ISP MS, [M+H] + =483. Elemental analysis calculated with 1.75 mole of H z O: 
C=49.72%, H=4.89%, N=8.92%; found C=49.72%, H=4.41%, N=8.68%. 

20 

EXAMPLE 31 

NaPhtho(2.3-d)-(1 .3)dioxole-6-sulfonic acid (1-f3-teminoiminom ethvnbenzyl]- 
2-oxopvrrolidin-3-(SWIlamide trifluoroacetata. 

25 A. Naohthof2.3-dW1.3^di oxole-6-sulfonyl chloride. 

To a solution of 6,7-dihydroxynaphthalene-2-sulfonic acid, sodium salt (5 g, 
18.4 mmol) in 40 ml_ of DMF is added cesium fluoride (14 g, 92.1 mmol) at 
room temperature. Dibromomethane (2.29 mL, 20.3 mmol) is added and the 
resulting mixture is heated at 120°C for 3 hours, and then allowed to cool to 

30 room temperature. A precipitate is formed after stirring overnight. A mixture of 
ice and water is added and the resulting mixture is diluted with acetone (100 
mL). The crude mixture is concentrated in vacuo and the azeotrope with 
acetone is repeated twice to remove all the DMF. The crude residue is stirrer 
in acetone to form a slurry an I the solid is filtered and dried. The crude solic 

35 dissolved in 40 mL of 1 N NaOH solution and 95% EtOH (-100 mL) is added 
until a precipitate is formed and the solid is filtered and dried to give .1.49 g of 
the crude naphtho(2,3-d)-(1 ,3)dioxole-6-sulfonic acid, sodium salt. The crude 
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sulfonic acid, sodium salt (1.49 g, 5.27 mmol) is chlorinated in the presence of 
excess phosphorous oxychloride and phosphorous pentachloride as 
described in EXAMPLE 24, Part A to give the crude title compound. This 
product is of sufficient purity to be used in subsequent. reactions. 
5 1 H NMR (CDCI 3 , 300 MHz) 8 8.37 (s, 1H), 7.82 (m, 2H), 7.26 (s, 1H), 7.19 (s, 
1H), 6.16 (s, 2H). 

B. NaDhthofc.3-dW1.3^dioxole-6-sulfonic acid M -(3-cvanobenzyn-2- 
oxQpyrrolidin-3-(S)-yl]amide. 

10 The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 
naphtho(2,3-d)-(1,3)dioxole-6-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is triturated from 
CH 2 CI 2 to give the title compound as a beige solid. 

15 1 H NMR (CDCIg, 300 MHz) 5 8.30 (s, 1 H), 8.1 4 (d, 1 H), 7.89 (d, 1 H), 7.72 (m, 
1H), 7.62 (m, 2H), 7.52 (m, 3H), 7.45 (s, 1H), 6.20 (s, 2H), 4.40 (AB, 2H), 4.15 
(m, 1H), 3.07 (m, 2H), 1.98 (m, 1H), 1.57 (m, 1H). 

C. NaDhtho(2.3-d)-n.3)dioxole-6-s ulfonicacid J1-f3- 

20 (aminoiminomethvnbenzvn-2-oxoDvrroli din-3-rS)-v»amide trifluoroacetate. 
Naphtho(2,3-d)-(1,3)dioxole-6-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 18 
hours at room temperature. The amidine formation occurs over a period of 1 8 

25 hours at room temperature. The crude product is purified by RP-HPLC eluting 
in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) 
and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

'H NMR (DMSO-d 6 , 300 MHz) 5 9.30 (bs, 2H), 9.10 (bs, 2H), 8.30 (s, 1H), 8.15 
30 (d, 1 H), 7.90 (d, 1 H), 7.70 (m, 2H), 7.58 (m, 4H), 7.45 (s, 1 H), 6.20 (s, 2H), 4.41 
(AB, 2H), 4.12 (m, 1H), 3.10 (m, 2H), 1.99 (m, 1H), 1.56 (m, 1H). ISP MS, 
[M+H] + =467. Elemental analysis calculated with 1.8 mole of H 2 0: C=49.02%, 
H=4.37%, N=9.15%; found C=49.04%, H=3.98%, N=8.85%. 

35 EXAMPLE 32 

7-Benzvloxvnaphthalene-2-sulfoni c acid {1-f3-feminoiminomBthvnben*y iy2- 
QXODvrrolidin-3-(Sl-vl)amidB trifluoroaratatp. 
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A. 7-BenzvloxvnaDhthal ene-2-sulfonvl chloride. 

A 60% dispersion of sodium hydride (0.37 g, 9.22 mmo!) in mineral oii is 
washed with hexanes twice and suspended in 40 mL of DMF. To this mixture 
5 is added slowly via an addition funnel 7-hydroxynaphthalene-2-sulfonic acid, 
sodium salt (1.25 g, 5.08 mmol) in 25 mL of DMF at room temperature. The 
reaction mixture is stirred for 2 hours during which time mild bubbling is 
observed (H 2 evolution). The mixture is treated with benzyl bromide (1.5 mL, 
12.6 mmol) and stirred for 18 hours at room temperature. Ice is added to 

10 decompose the excess NaH and the resultant mixture is concentrated in vacuo. 
The residue is suspended in acetone and concentrated in vacuo two times and 
then is dried under high vacuum. The solid is suspended in acetone, filtered 
and dried to yield the crude 7-benzyloxynaphthalene-2-sulfonic acid, sodium 
salt as a beige solid. A mixture of the sulfonic acid, sodium salt (2.47 g) in 8 mL 

1 5 of thionyl chloride is heated at 80°C for 4 hours. A drop of DMF is addod with 
vigorous bubbling resulting and the mixture is heated for an additional 30 
minutes. The mixture is allowed to cool to room temperature and concentrated 
in vacuo. The residue is diluted in EtOAc and washed successively with water 
(2x), saturated NaHC0 3 solution and saturated NaCI. The organic layer is 

20 dried over anhydrous MgS0 4 , filtered and concentrated to yield the title 
compound as a beige solid (1.26 g, 3.78 mmol). The crude product is of 
sufficient purity to be used in subsequent reactions. 

1 H NMR (CDCI 31 300 MHz) 5 8.46 (s, 1H), 7.97 (d, 1H), 7.83 (m, 2H), 7.45 (m, 
6H),7.33(d, 1H), 5.28 (s, 2H). 

25 

B. 7-Benzvloxvnaphthalene-2-sulfonic acid ri-f3 -cvanobenzvn-2- 
oxopvrrolidin-3-(S lvnamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 7- 
30 benzyloxynaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene- 
2-sulfonyl chloride. The crude product is purified by column chromatography in 
a gradient of 10% EtOAc/CH 2 CI 2 to 20% EtOAc/CH 2 CI 2 to afford the title 
compound as a white solid. 

'H NMR (CDCI3, 300 MHz) 8 8.39 (s, 1H), 7.86 (d, 1H), 7.77 (m, 2H), 7.52 (m, 
35 1 H), 7.40 (m, 9H), 7.30 (d, 1 H), 5.72 (s, 1 H), 5.1 6 (s, 2H), 4.40 (s, 2H), 3.80 (m, 
1H), 3.15 (m, 2H), 2.51 (m, 1H), 2.02 (m, 1H). 
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C. 7-Bepzyloxvnaphthalene-2-sulfonic acid f1 -r3-teminoiminomethvnhenzyn,- 
2-oxopyrrolidin-3-fSlvllamide trifl uoroacetatft. 
Hydrogen sulfide gas is bubbled for 5 minutes through a solution of 7- 
benzyloxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
5 (S)-yl]amide (0.32 g, 0.63 mmol) in 10 mL of a 1 0:1 mixture of 

pyridine/triethylamine. After stirring the pale green solution for a period of 
18 hours, the reaction mixture is concentrated in vacuo. The residue is diluted 
in acetone and concentrated to give the crude thioamide. To a solution of 
thioamide in 20 mL of acetone is added methyl iodide (2 ml_ 32 mmol). The 

1 0 resulting mixture is heated at reflux for 2 hours, allowed to cool to room 
temperature and concentrated in vacuo to provide the crude thioimidat* 
hydroiodide. To a solution of thioimidate hydroiodide in 20 mL of MeOH is 
added ammonium acetate (0.24 g, 3.17 mmol). The resulting mixture is heated 
at reflux for 3 hours, allowed to cool to room temperature and stirred overnight. 

1 5 The resulting mixture is concentrated in vacuo to provide the crude amidine 
salt. The crude product is purified by RP-HPLC eluting in a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound (0.05 g, 0.08 
mmol) as a white solid. 

20 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.30 (bs, 2H), 9.03 (bs, 2H), 8.35 (s, 1 H), 8.21 
(d, 1H), 8.01 (d, 1H), 7.95 (d, 1H), 7.71 (dd, 1H), 7.65 (m, 2H), 7.51 (m, 5H), 
7.40 (m, 4H), 5.24 (s, 2H), 4.41 (AB, 2H), 4.18 (m, 1H), 3.08 (m, 2H), 1.98 (m, 
1 H), 1 .59 (m, 1 H). ISP MS, [M+H] + =529. 

25 EXAMPLE 33 

7-Hydroxvnaphthalene-2-sulfonifi acid ( 1 -rs-te minoiminomftthvnbenzvl].?. 
OXQPvrrolidin-3-(SWIlamirifl t rjfluoroacetato 

7-Benzyloxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
30 (S)-yl]amide is converted to the title compound as described in EXAMPLE 24, 
Part C. The imidate intermediate is formed over a period of 18 hours at room 
temperature. The amidine formation occurred over a period of 42 hours at 
room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
35 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 
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1 H NMR (DMSOd 6 , 300 MHz) 5 9.30 (bs, 2H), 9.08 (bs, 2H), 8.26 (&, 1K), 8.19 
(d, 1H), 7.95 (d, 1H), 7.89 (d. 1H), 7.65 (m, 2H), 7.54 (m, 3H), 7.30 (d, 1H), 7.25 
(dd, 1H), 4.44 (AB, 2H), 4.15 (m, 1H), 3.10(m, 2H), 2.00 (m,1H), 1.59 (m. 1H). 
FAB MS, [M+H] + = 439. Elemental analysis calculated with 2.6 mole of H 2 0: 
5 C=48.13%, H=4.74%, N=9.35%; found C=48.14%, H=4.08%, N=9.32%. 

EXAMPLE 34 

6-HvdroxvnaDhthalene-2-sulfonfc acid {J -fa-fa minoiminomethvnbenzyl]-g- 
oxoDvrrolidin-3-rRVy |)amide triflunrnanPt f it fi 

10 

A. 6-BenzvloxvnaDhthalfi ne-2-sulfonyl chlnrirte , 

The title compound is prepared as described in EXAMPLE 32, Part A using 

6- hydroxynaphthalene-2-sulfonic acid, sodium salt in place of 

7- hydroxynaphthalene-2-sulfonic acid, sodium salt. The crude 

15 6-benzyloxynaphthalene-2-sulfonic acid, sodium salt obtained is likewise 
chlorinated with excess thionyl chloride and 3 drops of DMF. The crude 
product is triturated from 50% EtOAc/hexanes to give the title compound which 
is of sufficient purity to be used in subsequent reactions. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.50 (d, 1H), 7.91 (m, 3H), 7.46 (m, 2H), 7.40 (m, 

20 4H), 7.30 (d,1H), 5.22 (s,2H). 

B. 6-BenzvloxvnaPhthalene-2-sulfonin ariri M-f3-cvanr>hgn7yn-9- 
0X0Dvrrolidin- 3-(Sl-yHamidB. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
25 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 
6-benzyloxynaphthalene-2-sulfonyl chloride in place of 
6-methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography in a gradient of 10% EtOAc/CH 2 CI 2 to 25% 
EtOAc/CH 2 CI 2 to afford the title compound as a white solid. 
30 1 H NMR (CDCI3, 300 MHz) 8 8.39 (s, 1 H), 7.88 (d, 1 H), 7.84 (m, 2H), 7.58 (m, 
1H), 7.42 (m, 8H), 7.35 (dd, 1H), 7.25 (d, 1H), 5.52 (s, 1H), 5.21 (s, 2H), 4.43 (s, 
2H), 3.75 (m, 1H). 3.20 (m, 2H), 2.60 (m, 1H), 2.08 (m, 1H). 

C. 6-Hydroxvnaphthalene-2-sulfonic acid {1-f. VfeminoiminomBthvnhen7yn , -9. 
35 oxopyrrolidin-3-(SVyl}amide trifluoroacetate. 

6-Benzyloxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide is converted to the title compound as described in EXAMPLE 24, 
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Part C. The imidate intermediate is formed over a period of 18 hours a; room 
temperature. The amidine formation occurred over a period of 18 hours at 
room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
5 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.33 (bs, 2H), 9.29 (bs, 2H), 8.33 (d, 1H), 8.11 
(d, 1H), 7.96 (d, 1H), 7.85 (d, 1H). 7.74 (dd, 1H), 7.69 (m, 1H), 7.54 (m, 3H), 
7.20 (m, 2H), 4.41 (AB, 2H), 4.12 (m, 1H), 3.07 (m, 2H), 1.96 (m, 1H), 1.57 (m, 
10 1H). FAB MS, [M+H]*=439. Elemental analysis calculated with 2.2 mole of 
H 2 0: C=48.64%, H=4.67%, N=9.45%; found C=48.63%. H=4.14%, N=9.52%. 

EXAMPLE 35 

5-Chloro-3-methylbenzofb]thipphene-2-sulfonjc acid {1-[3- 
15 (aminoiminomethvnbenzvl|-2-oxoDvrroli din-3-fS)-vl)amide trifluoroacetate. 

A. 5-Chloro-3-methvlbenzorb1thioDhene-2-sulfonic acid f1-(3-c vanobenzvn-2- 
oxoDvrrolidin-3-rSWIlamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
20 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 5-chloro- 
3-methylbenzo[b]thiophene-2-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is triturated from 
EtOAc to afford the title compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.82 (d, 1H), 7.78 (d, 1H), 7.60 (m, 1H), 7.45 (m, 
25 4H), 5.59 (bs, 1 H), 4.50 (s, 2H), 3.91 (m, 1 H), 3.25 (m, 2H), 2.75 (s, 3H), 2.65 
(m, 1H),2.11 (m, 1H). 

B. 5-Chloro-3-methvlbenzofbJthioDhene-2-su lfonic acid {1-[3- 
faminoiminomethynbenzyn-2-o xopvrrolidin-3-(SVyl}amide trifluoroacetate. 

30 5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 20 
hours at room temperature. The amidine formation occurred over a period of 
22 hours at room temperature. The crude product is purified by RP-HPLC 

35 eluting in a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 8 9.32 (bs, 2H), 9.21 (bs, 2H), 8.76 (d, 1H), 8.09 
(d, 1H), 8.04 (d, 1H), 7.68 (m, 1H), 7.53 (m, 4H), 4.41 (AB, 2H), 4.20 (m, 1H), 
3.11 (m, 2H), 2.63 (s, 3H), 2.09 (m, 1H), 1.67 (m, 1H). FAB MS, [M+H] + =477. 
Elemental analysis calculated with 1.7 mole of H 2 0: C=44.37%, H=4.13%, 
5 N=9.00%; found C=44.37%, H=4.03%, N=8.66%. 

EXAMPLE 36 

5-Chloro-3-methylbenzofb]thiophene-2-sulfonic acid (1-f3- 
faminoiminomethynbenzyl]-2-ox opyrrolidin-3-fS>-yl}methvl amide 
10 trifluoroacetate. 

A. 5-Chloro-3-methvlbenzofblthiophene-2-sulf onic acid f1-(3-cyanobenzylV2- 
oxopvrrolidin-3-tS Wnmethyl amide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 5- 
15 chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide as the starting material. The crude product is 
purified by column chromatography in a gradient of 2% EtOAc/CH 2 CI 2 to 10% 
EtOAc/CH 2 CI 2 to afford the title compound as a white solid. 
'H NMR (CDCI 3 , 300 MHz) 8 7.81 (s, 1H), 7.76 (d, 1H), 7.60 (m, 1H), 7.45 (m, 
20 4H), 4.92 (m, 1 H), 4.43 (AB, 2H), 3.23 (m, 2H), 2.90 (s, 3H), 2.72 (s, 3H), 2.41 
(m, 1H), 2.09 (m, 1H). 

B. 5-Chloro-3-methvlbenzorblthioDhene-2-sulfonic acid {1-f3- 
faminoiminomethyhbenzvH-2-o xopvrrolidin-3-fSVyl)methvl amide 

25 trifluoroacetate. 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]methyl amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The imidate intermediate is formed over a 
period of 24 hours at room temperature. The amidine formation occurred over 

30 a period of 3 days at room temperature. The crude product is purified by RP- 
HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

'H NMR (DMSO-d 6 , 300 MHz) 8 9.31 (bs, 2H), 9.19 (bs, 2H), 8.11 (d, 1H), 8.08 
35 (d, 1H), 7.68 (m, 1H), 7.56 (m, 4H), 4.94 (m, 1H), 4.42 (AB, 2H), 3.19 (m, ;>H), 
2.78 (s, 3H), 2.66 (s, 3H), 2.10 (m, 1H), 1.97 (m, 1H). FAB MS, [M+H] + =491. 
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Elemental analysis calculated with 0.9 mole of H 2 0: C=46.43%, H=4.18%, 
N=9.02%; found C=46.42%, H=4.06%, N=8.90%. 

EXAMPLE 37 

5 7-Methvlnaphthalene-2-sulfonic acid (1 -f 3-faminoiminomethvnbenzvH-2- 
Oxopvrrolidin-3-(SWIlamide trifluoroacetate. 

A. 2-Methoxv-7-trifluoromethane sulfonvlnaphthalenp 

To a solution of 7-methoxy-2-naphthol (5 g, 28.7 mmol) in 150 mL CH 2 CI 2 at 
10 0°C is added triethylamine (5.95 g, 58.8 mmol), trifluoromethanesulfonic 
anhydride (10.1 g, 35.6 mmol) and 4-dimethylaminopyridine (0.36 g, 2.94 
mmol). The brown solution is stirred for 1 hour at 0°C, then concentrated in 
vacuo to remove most of the CH 2 CI 2 . The residue is diluted with EtOAc and 
washed with 1 N aqueous HCI, water, 10% Na^Oj solution and saturated 
15 NaCI solution. The organic layer is dried over MgS0 4 , filtered and 
concentrated to provide crude material which is purified by column 
chromatography in a gradient of 2% EtOAc/hexanes to 10% EtOAc/hexanes to 
afford the title compound (8.44 g, 27.5 mmol) as an oil. 
'H NMR (CDCI 3 , 300 MHz) 87.90 (d, 1H), 7.78 (d, 1H), 7.65 (d, 1H), 7.22 (m, 
20 2H), 7.15 (d, 1H), 3.95 (s,3H). 

B. 2-Methoxy-7-methylnaphthalene. 

2-Methoxy-7-trifluoromethanesulfonylnaphthalene (10 g, 32.6 mmol) is 
dissolved in 300 mL of DMF and treated with lithium chloride (7.20 g, 1 70 

25 mmol) and tetramethyltin (12.4 g, 69.3 mmol). Bis- 

(triphenylphosphine)palladium(ll) chloride (1.44 g, 2 mmol) is added and the 
resulting heterogeneous mixture is heated at 80°C for 18 hours. The reaction 
mixture is cooled to room temperature, filtered through a Celite pad and 
washed with EtOAc. The filtrate is washed with water and the layers separated. 

30 The aqueous layer is extracted twice with EtOAc and the combined organic 
layers are washed with water and saturated NaCI solution. The organic la yer 
is dried over MgS0 4 , filtered and concentrated to give crude material wnich is 
purified by column chromatography in a gradient of 2% EtOAc/hexanes to 5% 
EtOAc/hexanes to yield the title compound (5.34 g, 31 mmol) as a solid. 

35 1 HNMR(CDCI„300MHz)67.69(m,2H),7.52(s, 1H),7.19(d, 1H),7.10(m, 
2H), 3.93 (s, 3H), 2.50 (s, 3H). 
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C. 7-Methvl-2-naohthol. 

A suspension of 2-methoxy-7-methylnaphthalene (5.30 g, 30.8 mmol) in 90 ml_ 
of 48% aqueous HBr is heated at reflux for a period of 2 hours. The resulting 
mixture is allowed to cool to room temperature, diluted with water and partially 
5 neutralized with saturated NaHC0 3 solution. The aqueous mixture is extracted 
with EtOAc twice and the combined organic layers are washed with water, 
saturated NaHC0 3 solution and saturated NaCI solution. The organic phase is 
dried over MgS0 4 , filtered and concentrated to provide crude material which is 
purified by column chromatography in a gradient of 5% EtOAc/hexa'ies to 20% 
1 0 EtOAc/hexanes to afford the title compound (3.05 g, 19.3 mmol) as a solid. 
1 H NMR (CDCI 3 , 300 MHz) 8 7.69 (m, 2H), 7.47 (s, 1H), 7.18 (m, 1H), 7.03 (m, 
2H),5.01 (m, 1H),2.50(s,3H). 

D. 7-Methyl-2-trifluoromethanesulfonvlnaDhthalene. 

1 5 7-Methyl-2-naphthol (3.05 g, 19.3 mmol) is converted to the title compound as 
described in EXAMPLE 37, Part A. The crude product is purified by column 
chromatography in a gradient of 2% EtOAc/hexanes to 10% EtOAc/hexanes to 
give the title compound (4.74 g, 16.3 mmol) as an oil. 
1 H NMR (CDCI3, 300 MHz) 8 7.89 (d, 1H), 7.80 (d, 1H), 7.69 (m, 2H), 7.40 (m, 

20 1 H), 7.30 (m, 1 H), 2.59 (s, 3H). 

E. 7-Methvl-2-trimethylstannvlnaphthalene. 

7-Methyl-2-trifluoromethanesulfonylnaphthalene (1.50 g, 5.17 mmol) is 
dissolved in 30 mL of p-dioxane and treated with lithium chloride (0.66 g, 15.5 

25 mmol) and hexamethylditin (1.86 g, 5.68 mmol). Bis- 

(triphenylphosphine)palladium(ll) chloride (0.30 g, 0.26 mmol) is added and 
the resulting heterogeneous mixture is heated at reflux for 1 hour. The reaction 
mixture is cooled to room temperature, diluted with 10% NH 4 OH solution and 
CH 2 CI 2 and stirred for 45 minutes. The layers are separated and the aqueous 

30 layer is extracted twice with CH 2 CI 2 . The combined organic layers are washed 
with saturated NaCI solution. The organic layer is dried over MgS0 4 , filtered 
and concentrated to give crude material which is purified by column 
chromatography in a gradient of 2% EtOAc/hexanes to 5% EtOAc/hexarves to 
yield the title compound (0.60 g, 1 .97 mmol) as an oil. 

35 1 H NMR (CDCIg, 300 MHz) 8 7.90 (s, 1 H), 7.75 (d, 1 H), 7.70 (d, 1 H), 7.60 (s, 
1H), 7.51 (d, 1H), 7.30 (d, 1H), 2.54 (s, 3H), 0.34 (m, 9H). 
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F. 7-Methvlnaphthalene-2-sulfonvl chloride. 

To a solution of 7-methyl-2-trimethylstannylnaphthalene (0.60 g, 1.97 mmol) in 
13 mL of THF at -78°C is added n-butyllithium (1.40 mL of a 1.6 M solution in 
hexanes, 2.24 mmol). The reaction mixture is stirred for 5 min at -78°C then 
5 warmed to 0°C over a 30 min period. The mixture is cooled to -78°C again and 
the solution is transferred via cannula to a flask containing 10 mL of condensed 
S0 2 (g) in 20 mL of THF at -78°C. The solution is stirred at -78°C for 10 
minutes, and then at ambient temperature for 2 hours. At this time, the reaction 
mixture is concentrated in vacuo, triturated with Et>0 and filtered. The solid is 

1 0 suspended in 8 mL of hexanes, cooled to 0°C and treated with sulfuryl chloride 
(1.70 mL of a 1M solution in CH 2 Clj,, 1.70 mmol). The resulting solution- is 
stirred for 15 minutes, and then concentrated. The crude residue is pu.ifled by 
column chromatography in a gradient of 10% EtOAc/hexanes to 20% 
EtOAc/nexanes to afford the title compound (0.23 g, 0.96 mmol) as a solid. 

1 5 1 H NMR (CDCI 3 , 300 MHz) 5 8.51 (s, 1 H), 8.01 (d, 1 H), 7.92 dd, 1 H), 7.89 (d, 
1H), 7.80 (s, 1H), 7.58 (d, 1H), 2.58 (s, 3H). 

G. 7-Methylnaphthalene-2-sulfonic acid ri-(3-cvan obenzvn-2-oxopvrrolidin-3- 
(S)-yllamide. 

20 The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 7- 
methylnaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene-2- 
sulfonyl chloride. The crude product is triturated from 50% EtOAc/ hexanes to 
give the title compound as a white solid. 

25 1 H NMR (CDCI3, 300 MHz) 8 8.41 (s, 1 H), 7.96 (s, 1 H), 7.81 (m, 2H), 7.75 (s, 
1H), 7.58 (m, 1H), 7.46 (m, 4H), 5.50 (bs, 1H), 4.47 (s, 2H). 3.79 (m, 1H), 3.20 
(m, 2H), 2.59 (m, 1H), 2.55 (s, 3H), 2.10 (m, 1H). 

H. 7-Methvlnaphthalene-2-sulfonic acid {1-f3-(a minoiminomethvhbenzvH-2- 
30 oxopvrrolidin-3-fSWHamide trifluoroacetate. 

7-Methylnaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide is converted to the title compound as described in EXAMPLE 24, Part 
C. The imidate intermediate is formed over a period of 18 hours at room 
temperature. The amidine formation occurred over a period of 18 hours at 
35 room temperature. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
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the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 . 300 MHz) 8 9.32 (bs, 2H), 9.28 (bs, 2H), 8.38 (s, 1H), 8.26 
(d, 1H), 8.05 (d, 1H), 7.93 (d, 1H), 7.88 (s, 1H), 7.79 (dd. 1H), 7.65 (m, 1H), 7.52 
5 (m, 4H), 4.41 (AB, 2H), 4.16 (m, 1H), 3.08 (m, 2H), 2.49 (s, 3H), 1.97 (m, 1H), 
1.56 (m, 1H). FAB MS, [M+H] + s437. Elemental analysis calculated with 1.7 
moleofH 2 0: C=51.71%, H=4.92%, N=9.65%; found C=51.70%, H=4.*6%, 
N=9.41%. 

10 EXAMPLE 38 

7-Ethvlnaphthalene-2-sulfonic acid H43-(aminoim inomethvnbenzyH-g- 
oxoDvrrolidin-3-(SVvllamide trifluoroacetate. 

A. 2-Methoxv-7-trimethvlstannvlnaDhthalene. 

1 5 The title compound is prepared as described in EXAMPLE 37, Part E using 2- 
methoxy-7-trifluoromethanesulfonylnaphthalene in place of 7-methyl-2- 
trifluoromethanesulfonylnaphthalene. The crude product is purified by column 
chromatography in a gradient of 2% EtOAc/hexanes to 5% EtOAc/hexanes to 
afford the title compound as an oil. 

20 1 H NMR (CDCI 3 , 300 MHz) 5 7.89 (s, 1 H), 7.70 (m, 2H), 7.43 (d, 1 H), 7.35 (s, 
1H), 7.12 (m, 1H), 3.91 (s, 3H), 0.39 (m, 9H). 

B. 2-Methoxv-7-ethvlnaDhthalene. 

To a solution of 2-methoxy-7-trimethylstannylnaphthalene (1.61 g, 3.60 mmol) 
25 in 24 mL of THF at -78°C is added n-butyllithium (2.80 mL of a 1.6 M solution in 
hexanes, 4.48 mmol). The reaction mixture is stirred for 5 min at -78°C then 
warmed to 0°C over a 30 min period. The mixture is cooled to -78°C again and 
bromoethane (1.46 g, 13.4 mmol) is added. The solution is stirred at -78°C for 
10 minutes, and then at ambient temperature for 4 hours. At this time, the 
30 reaction mixture is quenched with saturated NH 4 CI solution, diluted with EtOAc 
and the layers are separated. The organic layer is washed with 1 N aqueous 
HCI, water, saturated NaHC0 3 solution and saturated NaCI solution. The 
organic layer is dried over MgS0 4 , filtered and concentrated to provide crude 
product which is purified by column chromatography in a gradient of 2% 
35 EtOAc/hexanes to 5% EtOAc/hexanes to give a 3.5:1 mixture (0.56 g, 3.01 
mmol) of the title compound as the major component and 2- 
methoxynaphthalene as the minor component. 
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1 H NMR (CDCI3, 300 MHz) 8 7.72 (m, 2H), 7.54 (s, 1H), 7.32 (s, 1H), 7.1 1 (d, 
1H), 7.08 (s, 1H), 3.90 (s, 3H), 2.80 (q, 2H), 1.31 (t, 3H). 

C. 7-Ethylnaohthatene-2-sulfonyl chloride. 

5 A mixture of 7-ethyl-2-naphthol and naphthol is prepared as described in 
EXAMPLE 37, Part C using the 3.5:1 mixture of 2-methoxy-7-ethylnaphthalene 
and 2-methoxynaphthalene in place of 2-methoxy-7-methylnaphthalene. The 
crude demethylated product is partially purified by column chromatography in a 
gradient of 5% EtOAc/hexanes to 20% EtOAc/hexanes. The 7-ethyl-2-naphthol 

10 mixture is converted to 7-ethyl-2-trifluoromethanesulfonylnaphthalene as 
described in EXAMPLE 37, Part A The crude triflated material is partially 
purified by column chromatography in a gradient of 2% EtOAc/hexanes to 5% 
EtOAc/hexanes. The crude 7-ethyl-2-trifluoromethanesulfonylnaphthalene is 
then converted to 7-ethyl-2-trimethylstannylnaphthalene as described in 

1 5 EXAMPLE 37, Part E. The stannylated product is partially purified by column 
chromatography in a gradient of 2% EtOAc/hexanes to 5% EtOAc/hexanes. 
The 7-ethyl-2-trimethylstannylnaphthalene is converted to the title compound 
as described in EXAMPLE 37, Part F using 7-ethyl-2- 
trimethyistannylnaphthalene in place of 7-methyl-2- 

20 trimethylstannylnaphthalene and Et^O in place of THF. The crude mixture is 
purified by column chromatography in a gradient of 5% EtOAc/hexanes to 10% 
EtOAc/hexanes to afford the title compound as an oil. 
1 H NMR (CDCI3, 300 MHz) 6 8.54 (s, 1H), 8.01 (d, 1H), 7.90 (m, 1 H), 7.87 (s, 
1H), 7.81 (s. 1H), 7.61 (d, 1H), 2.88 (q, 2H), 1.35 (t, 3H). 

D. 7-Ethvlnaphthalene-2-sulfonic acid [1-(3-cvanobenzyn-2-oxopyrrolidin-3- 
(S)-yi]amide, 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 7- 
30 ethylnaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene-2- 
sulfonyl chloride. The crude product is triturated from 50% EtOAc/hexanes to 
give the title compound as a white solid. 

1 H NMR (CDCI3, 300 MHz) 5 8.41 (s, 1H), 7.96 (d, 1H), 7.85 (m, 2H), 7.75 (s, 
1H), 7.55 (m, 2H), 7.45 (m, 3H), 5.42 (s, 1H), 4.46 (AB, 2H), 3.76 (m, 1H), 3.20 
35 (m, 2H), 2.85 (q, 2H), 2.60 (m, 1H), 2.10 (m, 1H), 1.39 (t, 3H). 
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E. 7-Ethvlnaphthalene-2-sulfonic acid {1-[3-teminoimino methvnbenzvl1-2- 
oxopvrrolidin-3-rSVvnamide trifluoroacetate. 

7-Ethylnaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide is converted to the title compound as described in EXAMPLE 24, Part 
5 C. The imidate intermediate is formed over a period of 18 hours at room 
temperature. The amidine formation occurred over a period of 3 days at room 
temperature. The crude product is purified by RP-HPLC eluting in a gradient of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the 
appropriate product fractions are lyophilized to provide the title comoound as a 
10 white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 6 9.30 (bs, 2H), 9.20 (bs, 2H), 8.40 (s, 1H), 8.25 
(d, 1H), 8.07 (d. 1H), 7.97 (d, 1H), 7.90 (s, 1H), 7.80 (dd, 1H), 7.68 (m, 1H), 7.55 
(m, 4H), 4.43 (AB, 2H), 4.16 (m, 1H), 3.10 (m, 2H), 2.80 (q, 2H), 1.97 (m, 1H), 
1.59 (m, 1H), 1.30 (t. 3H). FAB MS, [M+H] + »451. Elemental analysis 
15 calculated with 1.6 mole of H 2 0: C=52.67%, H=5.13%, N=9.45%; found 
C=52.65%, H=4.60%. N=9.17%. 

EXAMPLE 39 

5-Chloro-6-amino naDhthalene-2-sulfonic acid {1-f3- 
20 (aminoiminomethvnbenzvl1-2-oxopvrrolidi n-3-(S^-vllamid6 bistrifluoroacetate. 

A. N-Cbz- 5-Chloro-6-aminonaphthalene-2-sulfonvl chloride. 

To a suspension of 6-aminonaphthalene-2-sulfonic acid, sodium salt (3 g, 12.2 

mmol) in 70 mL of water is added solid NaOH (1.01 g, 25 mmol) at room 

25 temperature. The mixture is stirred for 1 hour, and benzyl chloroformate (3.43 
mL, 24 mmol) is then added. The resulting mixture is stirred over a period of 16 
hours. The crude product is treated as in EXAMPLE 24, Part A to give 4.70 g of 
crude N-CBz-6-aminonaphthalene-2-sulfonic acid, sodium salt. A mixture of 
the sulfonic acid, sodium salt (2.3 g, 6.10 mmol) in 15 mL of thionyl chloride is 

30 heated at 80°C for 5 hours. The mixture is allowed to cool to room temperature 
and concentrated in vacuo. The residue is diluted with EtOAc and washed 
successively with water (2x), saturated NaHC0 3 solution and saturated NaCI. 
The organic layer is dried over anhydrous MgS0 4 , filtered and concentrated to 
give a solid. The crude product is triturated from 50% EtOAc/hexanes to afford 

35 the title compound (0.50 g, 1 .33 mmol) as a beige solid. 

'H NMR (CDCI 3 , 300 MHz) 5 8.75 (d, 1H), 8.60 (d, 1H), 8.39 (d, 1H), 8.09 (dd, 
1 H), 8.00 (d, 1 H), 7.68 (d, 1 H), 7.46 (m, 5H), 5.30 (s, 2H). 
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B. N-Cbz-5-Chloro-6-aminonaphthalene-2-sulfonic acid f1-f3- cvanobenzvh-2- 
oxopvrrolidin-3-(SWI1amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
5 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using N-Cbz-5- 
chloro-6-aminonaphthalene-2-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography using a gradient of 10% EtOAc/CH 2 CI 2 to 25% 
EtOAc/CHLCIg to give the title compound as a solid. 
10 1 H NMR (CDCI 3 , 300 MHz) 6 8.49 (d, 1H), 8.41 (s, 1H), 8.15 (d, 1H), 7.99 (d, 
1 H), 7.80 (d. 1H), 7.60 (s. 1H), 7.45 (m, 9H), 6.30 (d, 1H), 5.29 (s, 2H), 4.45 (s, 
2H), 3.97 (m, 1H), 3.20 (m, 2H), 2.55 (m, 1H), 2.06 (m, 1H). 

C 5-Chloro-6-aminonaphthalene-2-sulfonic add {i-f3. 

15 (eminoiminomethvl)ben2vn-2-oxoDvrrolidin-3-fSVvl)amide histrifl uoroacetate. 
N-Cbz-5-Chloro-6-aminonaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 3 
days at room temperature. The amidine formation occurred over a period of 18 

20 hours at room temperature. The crude product is purified by RP-HPLC eluting 
in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) 
and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.10 (bs, 2H), 8.25 (d, 1H), 8.09 
25 (d, 1H), 7.95 (d, 1H), 7.81 (m, 2H), 7.65 (m, 1H), 7.50 (m, 3H), 7.20 (d, 1H), 4.40 
(AB, 2H), 4.10 (m, 1H), 3.06 (m, 2H), 1.95 (m, 1H), 1.52 (m, 1H). FAB MS, 
[M+H] + =472. 

EXAMPLE 40 

30 7-Methvlaminonaphthale ne-2-sulfonic acid n-r3-(aminoiminomethyrth;:- .7 yl1-P- 
oxopvrrolidin-3-(SVvl)amide bistrifl uoroacetate. 

A. N-Cbz-7-Methvlaminonapht halene-2-sulfonvl chloride. 
N-Cbz-7-Aminonaphthalene-2-sulfonic acid, sodium salt is prepared as 
35 described in EXAMPLE 39, Part A using 7-aminonaphthalene-2-sulfonic acid, 
sodium salt (3 g, 12.2 mmol) in place of 6-aminonaphthalene-2-sulfonic acid, 
sodium salt. A 60% dispersion of sodium hydride (0.21 g, 5.27 mmol) in 
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mineral oil is washed with hexanes twice, suspended in 20 mL of DMF and the 
resulting suspension is cooled to 0°C. To this mixture is added the crude N- 
Cbz-7-aminonaphthalene-2-sulfonic acid, sodium salt (1 g, 2.64 mmol) in 15 
mL of DMF. The reaction mixture is stirred for 10 min at 0°C and then treated 
5 with methyl iodide (0.49 mL, 7.92 mmol). The resulting mixture is allowed to 
warm to room temperature with stirring overnight. The reaction mixture is 
worked up according to the similar procedure used in EXAMPLE 32, Part A to 
yield the crude N-Cbz-7-methylaminonaphthalene-2-sulfonic acid, sodium salt 
(0.88 g) as a beige solid. A mixture of the sulfonic acid, sodium salt (0.88 g, 
1 0 2.23 mmol) is chlorinated as described in EXAMPLE 32, Part A. The crude 
product is purified by column chromatography in a gradient of 10% 
EtOAc/hexanes to 30% EtOAc/hexanes to afford the title compound (0.38 g, 
0.97 mmol) as a beige solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.55 (d, 1H), 7.98 (m, 3H), 7.84 (s, 1H), 7.75 (d, 
15 1 H), 7.38 (m, 5H), 5.25 (s, 2H), 3.50 (s, 3H). 

B. N-Qbz-7-Methvlaminonaphthalene-2-sulfonic acid M-f3-cvanobenzyn-2- 
oxopvrrolidin-3-(SWIlamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
20 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using N-Cbz-7- 
methylaminonaphthalene-2-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography using a gradient of 10% EtOAc/CHjCL, to 25% 
EtOAc/CH 2 CI 2 to give the title compound as a solid. 
25 1 H NMR (CDCI 3 , 300 MHz) 8 8.41 (s, 1H), 7.97 (d, 1H), 7.87 (m, 2H), 7.80 (s, 
1H), 7.60 (m, 2H), 7.45 (m, 3H), 7.38 (m, 5H), 5.53 (bs, 1H), 5.21 (s, 2H), 4.43 
(s, 2H), 3.79 (m, 1H), 3.45 (s, 3H), 3.20 (m, 2H), 2.60 (m, 1H), 2.10 (m, 1H). 

C. 7-Methvlaminonaphthalene-2 -sulfonic acid {1-f3- 

30 faminoiminomethvhbenzyll-2-oxopvrrolidin-3-fSVvnamide bistrifluoroacetate. 
N-Cbz-7-Methylaminonaphthaiene-2-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 48 
hours at room temperature. The amidine formation occurred over a period of 3 

35 days at room temperature. The crude product is purified by RP-HPLC eluting in 
a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
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th© appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6l 300 MHz) 5 9.28 (bs, 2H), 9.08 (bs, 2H), 8.1 1 (s, 1 H), 8.08 
(d, 1 H), 7.80 (d, 1 H), 7.70 (d, 1 H), 7.68 (m, 1 H), 7.54 (m, 3H), 7.45 (dd, 1 H), 
5 7.08 (dd, 1 H), 6.80 (d, 1 H), 4.42 (AB, 2H), 4.10 (m. 1 H). 3.05 (m, 2H), 2.77 (s, 
3H), 1.93 (m, 1H), 1.51 (m, 1H). FAB MS, [M+H]*=452. Elemental analysis 
calculated with 0.9 mole of H 2 0: C=46.64%, H=4.17%, N=10.07%; found 
046.63%, H=4.10%, N=10.13%. 

10 EXAMPLE 41 

2-Methvl-1.2.3.4-tetrahvdroisoauinoli ne-7-suHonio acid (1-fa. 
(aminoiminomethvnbenzyl1-2-oxopvrrolidin-3-(S)-vl)amide bistrifluoroacetate. 

A. 2-Trifluoromethvlacetamids-1.2.3.4-tetrahvdrQ-i soauinoline-7-sulfonyl 
15 Chloride. 

The title compound is prepared according to the procedure described in jL 
Med- Chem.,23, 837 (1980), which is incorporated herein by reference. The 
crude residue obtained is triturated with ELO to yield product which is of 
sufficient purity to be used in subsequent reactions. 
20 . 1 H NMR (CDCI 3 , 300 MHz) 6 7.90 (m, 2H), 7.49 (m, 1 H), 4.90 (s, 2H), 3.95 (m, 
2H), 3.10 (m, 2H). 

B. 2-Trifluoromethvlacetamide-1 .2.3.4-t etrahvdro-isoquinoline-7-sulfonic acid 
f1-f3-cvanobenzvn-2-oxoDvrrolidin-3-rs^vnamide. 

25 The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 2- 
trifluoromethylacetamide-1 ,2,3,4-tetrahydro-isoquinoline-7-sulfonyl chloride in 
place of 6-methoxynaphthalene-2-sulfonyl chloride. The crude product is 
purified by column chromatography using a gradient of 10% EtOAc/CH 2 CI 2 to 

30 25% EtOAc/CH 2 CI 2 to give the title compound as a solid. 

1 H NMR (CDCIg, 300 MHz) 8 7.79 (m, 2H), 7.63 (m, 1H), 7.50 (m, 3H), 7.39 (m, 
1H), 5.50 (bs, 1H), 4.90 (AB, 2H), 4.49 (AB, 2H), 3.91 (m, 2H), 3.79 (m, 1H), 
3.25 (dd, 2H), 3.05 (m, 2H), 2.60 (m, 1H), 2.10 (m, 1H). 

35 C. 1.2.3.4-Tetrahvdro-is oauinoline-7-sulfonic acid rW3-cvanobenzvn-2- 
oxopvrrolidin-3-fSWnamid6. 
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To a solution of 2-trjfluoromethylacetamide-1 P 2,3,4-tetrahydro-jsoquinoline-7- 
sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide (0.50 g, 0.99 
mmol) in 6 mL of EtOH is added a solution of sodium carbonate (0.56 g, 5.27 
mmol) in 6 mL of H 2 0. The solution is stirred at room temperature for 5 hours. 
5 After this time, the solution is concentrated in vacuo, diluted with CH 2 Clj and 
washed with H 2 0 and saturated NaCI solution. The organic phase is dried 
over anhydrous MgS0 4 , filtered and concentrated to yield the title compound 
(0.29 g, 0.71 mmol) as a beige solid. 

1 H NMR (CDCI 31 300 MHz) 67.68 (d, 1H), 7.60 (m, 2H), 7.49 (m, 3H), 7.28 (m, 
10 1 H), 4.50 (s, 2H), 4.10 (s, 2H), 3.75 (m, 1H), 3.20 (m, 4H), 2.90 (m, 2H), 2.60 (m, 
1H),2.10(m, 1H). 

P. 2-Methvl-1.2.3.4-tetrahvdro-isoQuinoline-7-sulf onic acid {1-f3- 
(aminoiminomethvl)benzvl1-2-oxoDvrrolidin-3-fSVvl)amide bistrifluoroacetate. 

15 To a solution of 1 ,2,3,4-tetrahydro-isoquinoline-7-sulfonic acid [1 -(3- 

cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide (0.29 g, 0.71 mmol) in 10 mL of 
CH 2 CI 2 is added 0.27 mL of 37% aqueous formaldehyde. The solution is 
stirred at room temperature for 1 hour. After this time, sodium 
triacetoxyborohydride (0.05 g, 0.22 mmol) is added and the resulting mixture is 

20 stirred for 18 hours. The reaction mixture is diluted with CH 2 CI 2 and washed 
with saturated NaHC0 3 solution. The organic phase is dried over anhydrous 
MgS0 4 , filtered and concentrated to give 2-methyl-1,2,3,4-tetrahydro- 
isoquinoline-7-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
(0.16 g, 0.71 mmol) as a solid. The crude methylated material is then 

25 converted to the title compound as described in EXAMPLE 24, Part C. The 
imidate intermediate is formed over a period of 18 hours at room temperature. 
The amidine formation occurred upon heating at reflux for 2 hours. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 

30 lyophilized to provide the title compound as a white solid. 

1 H NMR (DMSO-d 6l 300 MHz) 8 9.34 (bs, 2H), 9.31 (bs, 2H), 8.26 (d, 1H). 7.75 
(m, 3H), 7.57 (m, 3H), 7.49 (d, 1H), 4.60 (s, 1H), 4.45 (s, 2H), 4.40 (m, 1H), 4.15 
(m, 1H), 3.40 (m, 2H), 3.15 (m, 4H), 2.95 (s, 3H), 2.10 (m, 1H), 1.62 (m, IH). 
FAB MS, [M+H] + =442. Elemental analysis calculated with 2.2 mole of H 2 0: 

35 C=44.03%, H=4.75%, N=9.87%; found C=44.03%, H=4.28%, N=9.96%. 

EXAMPLE 42 
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1.2.3.4-Tetrahvdroisoauinoline-7-sulfonic acid (1-f3- 
(aminoiminomethvnbenzvn-2-oxo Dvrrolidin-3-^S)-vl>methvl amide 
dihvdrochloride. 

5 A. 1.2.3.4-TetrahvdroisoQ uinoline-7-sulfonic acid f1-f3-cvanobenzvlV2- 
oxopvrrolidin-3-(S)-vnmethvl amide. 

2-Trifluoromethylacetamide-1 ,2,3,4-tetrahydroisoquinoline-7-sulfonic acid [1- 
(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]methyl amide is prepared as 
described in EXAMPLE 25, Part A using 2-trif luoromethylacetamide- 1,2,3,4- 

10 tetrahydro-isoquinoline-7-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide as the starting material. The crude material is purified by column 
chromatography in 25% EtOAc/CH 2 CI 2 to afford the methylated product as a 
solid. The title compound is prepared as described in EXAMPLE 41, Part C 
using 2-trifluoromethylacetamide-1,2,3,4-tetrahydro-isoquinoline-7-sulfonic 

15 acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]methyl amide as the starting 
material. The crude product is triturated from 50% EtOAc/CH 2 CI 2 to afford the 
title compound as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.71 (dd, 1 H), 7.62 (m, 2H), 7.50 (m, 3H), 7.25 (s, 
1H), 4.90 (m, 1H), 4.47 (AB, 2H), 4.10 (s, 2H), 3.20 (m, 4H), 2.90 (m, 2H), 2.79 
20 (s, 3H), 2.36 (m, 1 H), 2.05 (m, 1 H). 

B. 1,2.3.4-Tetrahvdroisoou inoline-7~sulfonic acid (1-f3- 

(aminQiminomethvl)benzvll-2-oxoDvrrolidin-3-rs>-vl} methvl amide 
dihvdrochloride. 

25 1,2,3,4-Tetrahydro-isoquinoline-7-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]methyl amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The imidate intermediate is formed over a 
period of 18 hours at room temperature. The amidine formation occurred upon 
heating at reflux for 1.5 hours. The crude product is purified by RF-HPt.C 

30 eluting in a gradient of 1 0% CH 3 CN/H 2 0 to 60% CH 3 CN/H 2 0 and the 

appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.69 (bs, 2H), 9.46 (bs, 2H), 9.20 (bs, 2H), 7.78 
(s, 1H), 7.73 (m, 2H), 7.60 (m, 3H), 7.44 (d, 1H), 4.89 (m, 1H), 4.44 (AB, 2H), 
35 4.32 (s, 2H), 3.32 (m, 2H), 3.18 (m, 2H), 3.09 (m, 2H), 2.64 (s, 3H), 2.03 (m, 1H), 
1.80 (m, 1H). FAB MS, [M+H] + =442. 



WO 96/40679 



93 



PCT/US96/09816 



EXAMPLE 43 

7-Methoxvnaphthalene-2-sulfonic acid (1-f3- fcminoiminomethvnbenzvll-£- 
nxopvrrolidin-3-(SVvlH4-nitrobenzvnamide trifluoroacetate. 

5 A. 7-Methoxvnaphthalene-2-sulfonic acid ri-(3-cvanobenzvn-2-oxopvrrolidin- 
3-(g)-yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzon'rtrile hydrochloride as in EXAMPLE 24, Part B using 7- 
methoxynaphthalene-2-sulfonyl chloride in place of 6-methoxynaphthalene-2- 
10 sulfonyl chloride. The crude product is triturated from EtOAc to give the title 
compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (d, 1H), 7.91 (d, 1H), 7.81 (d, 1H), 7.73 (dd, 
1H), 7.59 (m, 1H), 7.42 (m, 3H), 7.30 (dd, 1H), 7.25 (m, 1H), 5.39 (d, 1H), 4.45 
(AB, 2H), 3.92 (s, 3H), 3.75 (m, 1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.10 (m,- 1H). 

15 

B. 7-Methox vnaphthalene-2-sulfonic acid ri-(3-cyanobenzvn-2-oxopvrrolidin- 
3-(S)-yl]-(4-nitrobenzyl)amide, 

The title compound is prepared as described in EXAMPLE 25, Part A using 7- 

methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
20 yl]amide as the starting material and p-nitrobenzyl bromide in place of methyl 

iodide. The crude product is purified by column chromatography in 50% 

EtOAc/hexanes to afford the title compound as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.31 (s, 1H), 8.10 (m, 2H). 7.91 (d. 1H), 7.84 (d, 

1H), 7.81 (d, 1H), 7.60 (m, 3H), 7.50 (s, 1H), 7.45 (d, 2H), 7.31 (m, 1H), 7.19 (d, 
25 1 H), 4.65 (AB, 2H), 4.50 (m, 1 H), 4.38 (AB, 2H), 3.97 (s, 3H), 3.17 (m, 2H), 2.41 

(m, 1H), 1.99 (m, 1H). 

C. 7-Methoxvnaphthalene-2-sulfonic acid (1-r3-(aminoiminomethvi)benzvn-2- 
oxopyrrolidin-3-(S)-vl}-M-nitrobenzvhamide trifluoroacetate. 

30 7-Methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(4-nitrobenzyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 18 
hours at room temperature. The amidine formation occurred upon heating at 
reflux for 1 hour. The crude product is purified by RP-HPLC eluting in a 

35 gradient of 1 0% CH 3 CN/H z O (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % TFA) and 
the appropriate product fractions are lyophiiized to provide the title compound 
as an amorphous white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.25 (bs, 2H), 8.38 (s. 1H), 8.13 
(d, 2H), 8.04 (d, 1H), 7.96 (d, 1H), 7.80 (dd, 1H), 7.70 (m, 3H), 7.55 (m, 4H), 
7.34 (dd, 1H), 4.94 (m, 1H), 4.50 (AB, 2H), 4.36 (AB, 2H), 3.89 (s, 3H), 3.16 (m. 
1H), 3.07 (m, 1H), 2.15 (m, 1H), 1.74 (m, 1H). FAB MS, [M+H] + =588. Elemental 
5 analysis calculated with 1 .2 mole of H 2 0: C=53.14%, H=4.52%, N=9.68%; 
found C=53.14%, H=4.24%, N=9.42%. 

EXAMPLE 44 

7-Methoxvnaphthal ene-2-sulfonic acid {1-f3-(aminoiminomethyl)benzyl]-2- 
10 oxopvrrolidin-3-(S)-vW4-aminobenzvnamide bistrifluoroacetate. 

To a solution of 7-methoxynaphthalene-2-sulfonic acid {1 -[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}(4-nitrobenzyl)amide (0.23 
g, 0.33 mmol) in 10 mL of MeOH is added a catalytic amount of 10% palladium 

15 on activated carbon. The heterogeneous mixture is hydrogenated at room 
temperature under a balloon of H 2 for 18 hours. The crude mixture is diluted 
with MeOH, filtered through a pad of Celite, washed with MeOH (2x10 mL) and 
concentrated in vacuo. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 

20 the appropriate product fractions are lyophilized to provide the title compound 
(0.1 1 g, 0.14 mmol) as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.06 (bs, 2H), 8.44 (s, 1H), 8.03 
(d, 1 H), 7.96 (d, 1 H), 7.82 (dd, 1 H), 7.68 (d, 1 H), 7.56 (m, 3H), 7.51 (d, I H), 7.35 
(dd, 1H), 7.12 (d, 2H), 6.72 (d, 2H), 4.71 (m, 1H), 4,39 (AB, 2H). 4.2f. (A?J. 2H), 
25 3.90 (s, 3H), 3.10 (m, 1H), 2.95 (m, 1H), 2.10 (m, 1H), 1.70 (m, 1H). FAB MS, 
[M+H] + =558. Elemental analysis calculated with 1.2 mole of H 2 0: C=50.61%, 
H=4.42%, N=8.68%; found C=50.61%, H=4.25%, N=8.64%. 

EXAMPLE 45 

30 7-Methoxvnaphthalene-2-sulfonic acid (1 -[3-(aminoiminomethynbenzyll-2- 
oxopvrrolidin-3-(SVvlU3-nitroben zynamide trifluoroacetate. 

A. 7-Methoxvnaphthalene-2-sulfonic acid f1-r3-cvanobenzvh-2-oxopyrrolidin- 
3-(SVvlK3-nitrobenzyl)amide. 
35 The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrclidin-.'--(S)- 
yljamide as the starting material and m-nitrobenzyl bromide in place or methyl 
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iodide. The crude product is purified by column chromatography in 10% 
EtOAc/CH 2 Cl 2 to afford the title compound as a solid. 
1 H NMR (CDCI 3 , 300 MHz) 5 8.34 (s, 1H), 8.17 (s. 1H), 8.02 (d, 1H), 7.90 (d, 
1H), 7.72 (m, 3H), 7.60 (m, 1H), 7.45 (m, 4H), 7.29 (m,.1H), 7.19 (d, 1H), 4.70 
5 (m, 1H), 4.52 (AB, 2H), 4.46 (AB, 2H), 3.94 (s, 3H), 3.17 (m, 2H), 2.41 (m, 1 H), 
2.00 (m, 1H). 

B. 7-Methoxvna phthalene-2-sulfonic acid (1-r3-(aminoiminomethynbenzvll-2- 
oxoDvrrolidin-3-fS^- vl>-r3-nitrobenzvnamide trifluoroacetate. 

10 7-Methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(3-nitrobenzyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 3 
days at room temperature. The amidine formation occurred upon heating at 
reflux for 2 hours. The crude product is purified by RP-HPLC eluting in a 

1 5 gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.29 (bs, 2H), 9.18 (bs, 2H), 8.39 (s, 1H), 8.33 
(s, 1H), 8.03 (m, 2H), 7.97 (d, 1H), 7.86 (d, 1H), 7.79 (d, 1H), 7.67 (d, 1H), 7.55 
20 (m, 5H), 7.36 (dd, 1 H), 4.92 (m, 1 H), 4.50 (AB, 2H), 4.37 (AB, 2H), 3.89 (s, 3H), 
3.15 (m, 2H), 2.15 (m, 1H), 1.80 (m, 1H). FAB MS, [M+H] + =588. Elemental 
analysis calculated with 0.8 mole of H 2 0: C=53.74%, H=4.44%, N=9.79%; 
found C=53.73%, H=4.12%, N=9.54%. 

25 EXAMPLE 46 

7-Methoxvnaphthalene-2-sul fonic acid { 1 -r3-faminoiminomethvnbenzvl)-2- 
Oxopyrro)idin-3-(SVvlU3-aminobenzvnamide bist rifluoroacetate. 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
30 oxopyrrolidin-3-(S)-yl}(3-nitrobenzyl)amide is converted to the title compound 
as described in EXAMPLE 44, Part A. The crude product is purified by RP- 
HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 
35 1 H NMR (DMSO-d 6 , 300 MHz) 6 9.30 (bs, 2H), 9.19 (bs, 2H), 8.46 (s, 1H) : 8.04 
(d, 1H), 7.97 (d, 1H), 7.82 (d, 1H), 7.68 (d, 1H), 7.57 (m, 3H), 7.50 (a. 1H), 7.36 
(dd, 1H), 7.12 (m, 1H), 7.04 (bs, 1H), 6.82 (m, 2H), 4.80 (m, 1H), 4.35 (AB, 2H), 
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4.34 (AB, 2H), 3.90 (s, 3H), 3.11 (m, 1H), 2.95 (m, 1H), 2.15 (m, 1H), 1.70 (m, 
1H). FAB MS, [M+H] + =558. 

EXAMPLE 47 

5 7-Methoxynaphthalene-2-sulfonic acid (1 -ra-raminoiminomethynbenzyP-g - 
oxoDvrrolidin-3-( SVvlW2-nitrobenzvnamide trifluoroacetate. 

A. 7-Methoxvnaphthalene-2-sulfonic acid f1-f 3-cvanobenzylV2-oxopvrrolidin- 
3-(S)-vlH2-nitrobenzvnamidQ. 

10 The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide as the starting material and o-nitrobenzyl bromide in place of methyl 
iodide. The crude product is triturated from 50% EtOAc/hexanes to afford the 
title compound as a solid. 

15 1 H NMR (CDCI 3 , 300 MHz) 6 8.38 (s, 1H), 8.12 (d, 1H), 7.94 (d, 1H), 7.89 (m, 
2H), 7.79 (d, 1H), 7.58 (m, 2H), 7.44 (m, 3H), 7.35 (m, 1H), 7.29 (dd, 1H), 7.23 
(d, 1H), 4.81 (AB, 2H), 4.65 (m, 1H), 4.42 (AB, 2H), 3.94 (s, 3H), 3.17 (m, 2H), 
2.39 (m, 1H), 2.05 (m, 1H). 

20 B. 7-M9th oxvnaphthalene-2-sulfonic acid (1-f3-(aminoiminomethvhbenzyn-2- 
oxopvrrolidin-3-(SWIH2-nitrobenzvnamide trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(2-nitrobenzyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The imidate intermediate is formed over a period of 5 

25 hours at room temperature. The amidine formation occurred upon heating at 
reflux for 2 hours. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H a O (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.27 (bs, 2H), 9.19 (bs, 2H), 8.43 (s, 1H), 8.05 
(m, 3H), 7.96 (d, 1H), 7.82 (d, 1H), 7.71 (m, 1H), 7.65 (m, 1H), 7.52 (m..5H), 
7.34 (dd, 1H), 4.91 (m, 1H), 4.73 (AB, 2H), 4.36 (AB, 2H), 3.89 (s, 3H), 3. 18 (m, 
1H), 3.09 (m, 1H), 2.25 (m, 1H), 1.82 (m, 1H). FAB MS, [M+H] + =588. 
Elemental analysis calculated with 1 .7 mole of H 2 0: C=52.52%, H=4.59%, 

35 N=9.57%; found C=52.53%, H=4.21%, N=9.24%. 
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7-MethQxyn3phthalen<^2-?glfQniQ acid {1 -[3-(aminpiminpmethyl)benzyll-2- 
oxopvrrolidin-3-(SVvl}-(2-aminobenzvl^amide bistrifluoroacetate. 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoimihomethyl)benzyij-£- 
5 oxopyrrolidin-3-(S)-yl}-(2-nitrobenzyl)amide is converted to the t::ie -zrr "pound 
as described in EXAMPLE 44, Part A. The crude product is purified by RP- 
HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 
10 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.12 (bs, 2H), 8.45 (s, 1 H), 8.04 
(d, 1H), 7.96 (d, 1H), 7.83 (d, 1H), 7.68 (d, 1H), 7.55 (m, 4H), 7.36 (d, 1H), 6.98 
(m, 2H), 6.65 (d, 1H), 6.47 (m, 1H), 4.79 (m, 1H), 4.33 (AB, 2H), 4.32 (AB, 2H), 
3.89 (s, 3H), 3.10 (m, 1H), 2.85 (m. 1H), 2.15 (m, 1H), 1.69 (m, 1H). FAB MS, 
[M+H] + =558. 

15 

EXAMPLE 49 

3-f2-Oxo-3fS)-f2-phenylethenosulfonvlamino^pv rr olidin-1-ylmeth vn- 
benzamidine trifluoroacetate. 

20 A. 2-Phenvlethenesulfonic acid f1-(3-cyanobenzvn-2-oxopvrrolidin-3(SV 
vllamide. 

The title compound is prepared from -?-v3-(S)-amir.o-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using trans-p- 
styrenesulfonyl chloride in place of 6-methoxynaphthalene-2-sulfonyl chloride. 
25 The crude product is triturated from 50% EtOAc/hexanes to give the title 
compound as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 87.60 (m, 1H), 7.48 (m, 9H), 6.93 (d, 1H), 5.35 (d, 
1H), 4.51 (AB, 2H), 4.04 (m, 1H), 3.27 (m, 2H), 2.65 (m, 1H), 2.12 (m, 1H). 

30 B. 3-r2-Oxo-3fS^-r2-Dhenvleth6nesulfonvlamino)D:rroli din-1-v'n.>,;- t /n. 
benzamidine trifluoro acetate. 

2-PhenylethenesulfOiiic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3(S)-yl]amide 
is converted to the title compound as described in EXAMPLE 24, Part C. The 
imidate intermediate is formed over a period of 18 hours at room temperature. 
35 The amidine formation occurred over a period of 18 hours at room temperature. 
The crude product is purified by RP-HPLC eluting in a gradient of 10% 
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CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.35 (bs, 2H), 9.20 (bs,.2H), 7.90 (d, 1H), 7.70 
(m, 3H), 7.60 (m, 3H), 7.48 (m, 3H), 7.35 (m, 2H), 4.50.(s, 2H), 4.18 (m, 1H), 
5 3.20 (m, 2H), 2.39 (m, 1H), 1.88 (m, 1H). FAB MS, [M+H] + =399. Elemental 
analysis calculated with 1.3 mole of H 2 0: C=49.35%, H=4.81%, N=10.46%, 
found C=49.35%, H=4.35%, N=10.28%. 

EXAMPLE 50 

10 3-f2-Oxo-3(S)-f2-Dhenvlethanesulfonyl amino^Dvrrolidin-1-vlmethvl]- 
benzamidin e trifluoroacetate. 

A. 2-Phenvlethanesulfonic acid ri -(3-cvanobenzvlV2-oxopyrrolidin-3tSl- 
vllamide. 

15 2-Phenylethenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3(S)-yl]amide 
is converted to the title compound as described in EXAMPLE 44, Part A. The 
crude product is purified by column chromatography in a gradient of 10% 
EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CL, to afford the title compound as a solid. 
1 H NMR (CDCL,, 300 MHz) 6 7.59 (d, 1H), 7.52 (s, 1H), 7.46 (m, 2H), 7.28 (m, 

20 5H), 5.54 (d, 1 H), 4.45 (AB, 2H), 4.25 (m, 1 H), 3.50 (m, 2H), 3.25 (m, 4H), 2.59 
(m. 1H),2.00(m, 1H). 

B. 3-r2-Oxo-3fSVf2-Dhenvlethanesulfonvlamin o^Dvrrolidin-1-vlmethyl)- 
benzamidine trifluoroacetate. 

25 2-Phenylethanesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidiiv2(o) VJamlde 
is converted to the title compound as described in EXAMPLE 24, Part C. The 
imidate intermediate is formed over a period of 18 hours at room temperature. 
The amidine formation occurred over a period of 3 days at room temperature. 
The crude product is purified by RP-HPLC eluting in a gradient of 10% 

30 CH 3 CN/H 2 0 (0. 1 % TFA) to 80% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 . 300 MHz) 5 9.32 (bs, 2H), 9.22 (bs, 2H), 7.85 (d, 1H), 7.70 
(m, 1H), 7.60 (m, 3H), 7.30 (m, 4H), 7.23 (m, 1H). 4.49 (AB, 2H), 4.25 (m, 1H), 
3.45 (m, 2H), 3.21 (m, 3H), 2.98 (m, 1H), 2.40 (m, 1H), 1.89 (m, 1H). FAB MS, 

35 [M+H] + =401. 
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flmino-(3-(3-r7-MethoxvnaDhthalen6-2-sulfonvnmethvlaminol-2-oxo-3rSV 
Dvrrolidin-1-vlmethvnDhenvnmethvncarbamic ac id ethyl ester. 

To a solution of 7-methoxy-2-napthalenesulfonic acid .{1 -[3- 
5 (aminoiminomethyl)benzyl]-2-oxo-3(S)-pyrrolidin-3-yl}methylamide 
trifluoroacetate (4.85 g, 8.5 mmol) in 80 mL of CH 2 CI 2 and 5 mL of DMF is 
added N-methylpiperidine (2.93 g, 29.5 mmol) followed by ethyl chloroformate 
(0.93g, 8.5 mmol). After 1.5 hours, the solution is diluted with EtOAc. The 
solution is washed with H 2 0, saturated NaHC0 3 and saturated NaCI. The 
1 0 organic layer is dried over MgS0 4 , filtered and concentrated. The crude 
product is purified by column chromatography eluting with gradient of 20% 
CH 2 CL/EtOAc to 30% CHjClg/EtOAc to afford the title compound (3 g, 5.6 mmol) 
as a white solid. 

'H NMR (DMSO-d 6 , 300 MHz) 8 9.02 (bs, 2H), 8.79 (s, 1H), 8.02 (d, 1H), 7.93 
15 (d, 1 H), 7.81 (d, 1 H), 7.76 (s, 1 H), 7.70 (d, 1 H), 7.56 (s, 1 H), 7.37 (m, 3H), 4.90 
(t, 1H), 4.36 (AB, 2H), 4.00 (m, 3H), 3.87 (s, 3H), 3.1 1 (m, 2H), 2.66 (s, 3H), 1.94 
(m, 1H), 1.70 (m, 1H). FAB MS, [M+H] + =539. Elemental analysis calculated 
with 0.5 mole of H 2 0: C=59.22%, H=5.71%. N=10.23%, found C=59.24%, 
H=5.90%, N=9.78%. 

20 

EXAMPLE 52 

3-r2-Oxo-3fSVf2-fDvridin-4-vlaminoVethanesulf onvlaminoVpvrrolidin-1- 
vlmethvll-benzam idine bistrif luoroacetate. 

25 A. Ethenesulfonic acid ri -(3-cvanobenzvlV2-oxopvrrolidin-3(SWnamide. 
The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 2- 
chloroethanesulfonyl chloride in place of 6-methoxynaphthalene-2-sulfonyl 
chloride. The crude product is purified by column chromatography in a 

30 gradient of 1 0% EtOAc/CH 2 CI 2 to 40% EtOAc/CH 2 CL> to afford the title 
compound as a solid. 

1 H NMR (CDCLj, 300 MHz) 6 7.62 (d, 1H), 7.51 (m, 3H), 6.70 (m, 1H), 6.42 (d, 
1H), 6.03 (d, 1H), 5.20 (bs, 1 H), 4.52 (AB, 2H), 3.99 (m, 1H), 3.25 (m, 2ft), 2.62 
(m, 1H),2.08(m, 1H). 

35 

B. 3-r2-Qxo-3rSV{2-rDvridin-4-vlamino^ethanesul fonvlamino;-pyrrolidin-1- 
vlmethvll-benzamiriine bistrifluoroacetate. 
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To a solution of ethenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3(S)- 
yljamide (0.20 g, 0.64 mmol) in 20 mL of a 1:1 mixture of THF/CH 2 CL, is added 
4-aminopyridine (0.20 g, 0.64 mmol). The mixture is stirred at room 
temperature for 18 hours, and then heated at reflux for 3 hours. The reaction 
5 mixture is allowed to cool and concentrated in vacuo. The crude 2-(pyridin-4- 
ylamino)-ethanesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3(S)-yl]amide 
is converted to the title compound as described in EXAMPLE 24, Part C. The 
imidate intermediate is formed over a period of 18 hours at room temperature. 
The amidine formation occurred upon heating at reflux for 4 hours. The crude 

1 0 product is purified by RP-HPLC eluting in a gradient of 2% CH 3 CN/H 2 0 (0. 1 % 
TFA) to 50% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 5 9.47 (bs, 2H), 9.36 (bs, 2H), 8.20 (m, 3H), 8.14 
(m, 1H), 8.10 (s, 1H), 7.71 (m, 1H), 7.63 (s, 1H), 7.59 (d, 2H), 6.80 (m, 1H), 4.61 

15 (m, 2H), 4.50 (AB, 2H), 4.27 (m, 1 H), 3.80 (m, 2H). 3.23 (m, 2H), 2.40 (m, 1 H), 
1.80 (m,1H). FAB MS, [M+H] + =417. Elemental analysis calculated with 2.5 
moleofH 2 0: C=40.06%, H=4.53%, N=12.19%, found C=40.06%, H=3.68%, 
N=11.73%. 

20 EXAMPLE 53 

2'-MethoxvbiDhenvl-4-sulfonic acid f1-r3-famino iminomethvnbenzvl1-2- 
oxoovrrolidin-3(Sl-vll amide trifluoroacetate. 

A. 4-(2-MethoxvDhenvfl-bromobenzene. 

25 To a solution of 2-bromoanisole (3.5 g, 18.7 mmol) in 40 mL of THF at -7°C is 
added n-butyl lithium (11.7 mL of a 1.6 M solution in THF, 18.7 mmol). The 
solution is stirred for 15 minutes. After this time, ZnClg (20 mL of a 1 M solution 
in EtgO, 20 mmol) is added. The solution is allowed to warm to ambient 
temperature, and stirred for 3 hours. After this time, a solution of 4- 

30 iodobromobenzene (5.6 g, 19.8 mmol) and tetrakis(triphenylphosphine)- 

palladium(O) (1.1 g, 1 mmol) in 30 mL of THF is added. The reaction mixture is 
stirred for 1 6 hours. After this time, the solution is poured into 100 mL of H z O. 
The solution is diluted with EtOAc. The organic layer is washed with 2 N 
NH 4 OH, H 2 0 and saturated NaCI. The organic layer is dried over MgS0 4 , 

35 filtered, and concentrated. The crude product is purified by column 
chromatography eluting with gradient of 10% CHgCLyhexanes to 20% 
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CHjClg/hexanes to afford the title compound (2.61 g, 10 mmol) as a crystalline 
solid. 

1 H NMR (CDCI 3( 300 MHz) 8 7.62 (d, 2H), 7.51 (d, 2H), 7.38(m, 2H), 7.08 (m, 
2H), 3.85 (s, 3H). 

5 

B. 2 , -Methoxyb;phenvl-4-sulfo nvl chloride. 

To a solution of 4-(2-methoxyphenyl)bromobenzene (0.82 g, 3.2 mmol) in 15 
mL of THF at -78°C is added n-butyl lithium (2 mL of a 1.6 M solution in 
hexanes, 3.2 mmol). After 30 minutes, the solution is transferred to a flask 

1 0 containing 1 0 mL of S0 2 in 40 mL of Et^O at -78°C. The solution is stirred at - 
78°C for 30 minutes, and then at ambient temperature for 2 hours. After this 
time, the solution is concentrated. The residue is dissolved in 20 mL of 
hexanes. The solution is cooled to 0°C and sulfuryi chloride (3.2 rr.L of a 1 M 
solution in CH 2 CI 2 ) is added. The solution is stirred for 1 hour. After this time, 

15 the solution is concentrated. The crude product is purified by column 

chromatography eluting with 2% EtOAc/hexanes to afford the title compound 
(0.34 g, 2.6 mmol) as an oil. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.07 (d, 2H), 7.81 (d, 2H), 7.44 (m, 2H), 7.02 (m, 
2H), 3.88 (S, 3H). 

20 

C. ^'-MethoxvbiphenvM-sulfonic acid M-(3-cvanob enzvn-2-oxoDvrrolidin-3- 
(S)-yt]amide r 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 2*- 
25 methoxybiphenyl-4-sulfonyl chloride in place of 6-methoxynaphthalen??-2- 
sulfonyl chloride. The crude product is purified by column chromatography 
eluting with a gradient of 10% EtOAc/CH 2 CI 2 to 20% EtOAc/CH 2 CI 2 to give the 
title compound as a white foam. 

'H NMR (CDCI 3> 300 MHz) 8 7.95 (m, 2H), 7.48 (d, 7H), 7.08 (m, 2H), 5.51 (bs, 
30 1H), 4.50 (AB, 2H), 3.88 (s, 3H), 3.26 (m, 2H), 2.62 (m, 1H), 2.19 (m, 1H). 

D. 2'-Methoxybiphenvl-4-sulfonic acid {1-r3-faminoiminom6thyhbenzyl]-2- 
oxopvrrolidin-3(SVvl) amide trrfluoroacetate. 

2'-Methoxybiphenyl-4-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
35 yl]amide is converted to the title compound as described in EXAMPLE 24, Part 
C. The crude product is purified by RP-HPLC eluting with a gradient of 10% 
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CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are iyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.31 (bs, 4H), 8.21 (d, 1H), 7.90 (m, 2H), 7.61 
(m, 3H), 7.41 (m, 2H), 7.35 (m, 2H), 7.12 (m, 3H), 4.45 (AB, 2H), 4.18 (m, 1H), 
5 3.76 (s, 3H), 3.15 (m, 2H), 2.15 (m, 1H), 1.68 (m, 1H). FAB MS, [M+H] + =479. 

EXAMPLE 54 

5.6.7.8-TetrahvdroDhenanthrene-3-sulfonic acid {1-f3- 
(aminoiminomethvnbenzvll-2-oxo-3fS>-Dvrrolidin-3-yl)amide trifiuoroacetate. 

10 

A. 5.6.7.8-Tetrahvdrophenanthrene-3-sulfonvl chloride. 
5,6,7,8-Tetrahydrophenanthrene-3-sulfonic acid sodium salt (1 g, 3.68 mmol) is 
suspended in 5 mL of thionyl chloride. DMF (2 drops) is added and the 
solution is heated to 60°C for 30 minutes. After this time, the reaction rrjixture is 

1 5 concentrated. The residue is triturated with CH 2 CI 2 and the resulting solid is 
filtered off. The collected organic solution is concentrated. The crude product is 
purified by column chromatography eluting with 10% EtOAc/hexanes to give 
the title compound (0.60 g, 2.3 mmol) as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 6 8.51 (s, 1H), 8.12 (d, 1H), 8.00 (d, 1H), 7.78 (d, 

20 1H), 7.37 (d, 1H), 3.12 (m,2H), 2.98 (m, 2H), 1.98 (m, 4H). 

B. 5.6.7.8-Tetrahvdrophenanthrene-3-sulfonic acid n-f3-cvanobenzyh-2- 
oxopvrrolidin-3-r S^-vllamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
25 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B , substituting 

5,6,7,8-tetrahydrophenanthrene-3-sulfonyl chloride for 6-methoxynaphtndene- 

2-sulfonyl chloride. The crude product is purified by column chromatography 

eluting with a gradient of 20% EtOAc/CH 2 CI 2 to 30% EtOAc/CH 2 CI 2 to give the 

title compound as a white foam. 
30 1 H NMR (CDCI 3I 300 MHz) 8 8.38 (s, 1 H), 8.1 9 (d, 1 H), 7.89 (m, 1 H), 7.70 (m, 

1H), 7.56 (m, 1H), 7.39 (m, 4H), 5.45 (bs. 1H), 4.42 (AB, 2H), 3.76 (t, 1H), 3.19 

(m, 4H), 2.99 (m, 2H), 2.58 (m, 1H), 1.94 (m, 5H). 

C. 5.6.7.8-Tetrahv drophenanthrene-3-sulfonic acid {1-f3- 

35 faminoiminom6thvnbenzvl1-2-oxo-3rS^-pvrrolidin-3-y l)amide trifiuoroacetate. 
5,6,7,8-Tetrahydrophenanthrene-3-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
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EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophiiized to provide the title compound 
as a white solid. 

5 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.31 (bs, 2H), 9.03 (bs, 2H), 8.41 (s. 1H), 8.22 
(dd, 2H), 7.89 m, 1H), 7.63 (m, 4H), 7.39 (d, 1H), 4.44 (AB, 2H), 4.19 (m, 1H), 
3.12 (m, 4H), 2.91 (m, 2H), 1.88 (m, 5H), 1.58 (m. 1H). FAB MS, [M+H] + =477. 
Elemental analysis calculated with 2.50 mole of H 2 0 cal. C=52.91%, H=5.39%, 
N=8.81 % found C=52.67%, H=4.77%, N=8.41 %. 

10 

EXAMPLE 55 

ISQQUinoline-5-sulfonic acid (1-r3-faminoiminomethvnbenzvn-2-oxo-3rsv 
Dvrrolidin-3-vllamide bistrifluoroacetate. 

15 A- l?oquinoline-5-sulfonyl chloride- 

The title compound is prepared as described in EXAMPLE 54, Part A using 
isoquinoline-5-sulfonic acid in place of 5,6,7,8-tetrahydrophenanthrene-3- 
sulfonic acid, sodium salt. The crude product is purified by triturating with Etj,0 
to give the product as a white solid. 

20 El MS, [M]+=227. 

B. lsoquinoline-5-sulfonic acid ri-(3-cvanobenzvlV2-oxoDvrrolidin-3-fSV 
yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
25 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 
isoquinoline-5-sulfonyl chloride for 6-methoxynaphthalene-2-sulfonyl chloride. 
The crude product is purified by column chromatography eluting with a 
gradient of 2% MeOH/CH 2 CI 2 to 4% MeOH/CH 2 CI 2 to give the title compound 
as a white foam. 

30 1 H NMR (CDCI 3 , 300 MHz) 8 9.38 (s, 1H), 8.81 (d, 1 H), 8.49 (m, 2H), 8.22 (d, 
1H), 7.70 (m, 1H), 7.56 (m, 1H), 7.41 (m, 3H), 5.77 (bs, 1H), 4.41 (AB, 2H), 3.84 
(t, 1H), 3.17 (dd, 2H), 2.50 (m, 1H), 1.95 (m, 1H). 

C. lsoquinoline-5-sulfonic acid (1-r3-feminoiminomethvnben zvl1-2-oxo-3(Sl- 
35 Dvrrolidin-3-vl)amide bistrifluoroacetate. 

lsoquinoline-5-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
is converted to the title compound as described in EXAMPLE 24, Part C. The 
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crude product is purified by RP-HPLC eluting with a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (D 2 0, 300 MHz) 69.74 (s, 1H), 8.92 (d, 1H), 8.77 (d, 1H), 8.63 (rn, 2H), 
5 8.00 (t, 1H), 7.57 (m, 1H), 7.42 (m, 3H), 4.28 (m, 3H), 3.15, (m, 2H), 2.13 (m, 
1H), 1.66 (m, 1H). FAB MS, [M+H] + =424. Elemental analysis calculated with 2 
mole of H 2 0 cal. C=43.67%, H=3.96%, N=10.19%, found C=43.59%, H=3.34%, 
N=9.95%. 

10 EXAMPLE 56 

5-ChlorothiQPhene-2-sulfonic acid n-r3-fcminoimin omethvllbenzvH-2-oxo. 
3(SVpvrrolidin-3-vllamide trifluoroacetate 

A. 5-Chlorothiophene-2-sulfonic acid M-(3-cvanobenzvn-2-oxopyrrolidin-3-(S)- 
15 yljamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 5- 
chlorothiophene-2-sulfonyl chloride for 6-methoxyr.aphthalene-2-sulfonyl 
chloride. The crude product is used without further purification. 
20 1 H NMR (CDCI 3 , 300 MHz) 57.61 (m, 1H), 7.47 (m, 4H), 7.00 (m, 1H), 5.41 (bs, 
1H), 4.50 (AB, 2H), 3.89 (m, 1H), 3.24 (m, 2H), 2.62 (m, 1H), 2.1 1 (m, 1H). 

B. 5-Chlorothiophene-2-sulfonic acid f1-r3-raminoiminomethvnbe nzvl1-2-oxo- 
3(S)-Dvrrolidin-3-vnamide trifluoroacetate 

25 5-Chlorothiophene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide is converted to the title compound as described in EXAMPLE 24, Part 

C. The crude product is purified by RP-HPLC eluting with a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 

30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.31 (bs, 2H), 9.12 (bs, 2H), 8.60 (d, Vrf, 7.68 
(m, 1H), 7.56 (m, 3H), 7.21 (m, 1H), 4.43 (AB, 2H), 4.20 (AB, 2H), 3.18 (m, 2H), 
2.19 (m, 1H), 1.69 (m, 1H). FAB MS, [M+H] + =413. Elemental analysis 
calculated with 0.75 mole of H 2 0 cal. C=40.0%, H=3.64%, N=10.37%, found 
C=40.04%, H=3.64%, N=10.05%. 

35 

EXAMPLE 57 
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2.4-Diaminoauinazoline-6-sulfon ic acid (1-f3-famin o iminomethvnbenzvl1-2- 
oxo-3(SVDvrrolidin-3-vl)amide trifluoroacetate. 

A. 2.4-Diaminoauinazoline-6-sulfonvl c hloride sulfate salt. 

5 To a hot solution of 2,4-diaminoquinazoline (2.3 g, 14.1 mmol) is added 2 mL 
of cone. H 2 S0 4 . The solution is further heated until all the solid dissolves. The 
solution is then cooled to ambient temperatures and a solid forms. The solid is 
filtered off. The solid is then cooled to 0°C and a suspensions 0. 1 g of NaCI in 
3 mL of chlorosulfuric acid is added dropwise. The resulting solution is heated 
10 to 1 50°C for 3 hours. After this time, the solution is poured into 50 mL of ice 
water, the resulting solid is collected by filtration and dried under vacuum. The 
title compound (3.2 g, 9 mmol) is obtained as a white solid. 
'H NMR (DMSO-d 6 , 300 MHz) 6 12.50 (bs, 2H), 9.15 (bs, 1H), 8.78 (bs, 1H), 
8.52 (s, 1H), 7.98 (d, 1H), 7.41 (d, 1H). 

15 

B. 2.4-Diaminoauinazoline-6- sulfonic acid n-f3-c yanobenzyn-2- 
oxoDvrrolidin-3-(SWI1amide. 

To a solution of 3-(3-(S)-amino-2-oxopyrrolidin-1-ylmethyl)benzonitrile 
hydrochloride (0.50 g, 2 mmol) in 8 mL of H 2 0 is added triethyl amine (0.7 g, 7 

20 mmol). After stirring for 10 minutes, 2,4-diamino-quinazoline-6-sulfonyi 
chloride sulfate salt (0.71 g, 2 mmol) is added. The solution is refluxed tor 1 
hour. After this time, the solution is cooled to ambient temperatures. The 
solution is filtered. The collected solid is dried under vacuum to give the title 
compound (0.22 g, 0.5 mmol) as a white solid. 

25 1 H NMR (DMSO-d 6 , 300 MHz) 5 8.48 (s, 1 H), 7.92 (m, 1 H), 7.80 (m, 1 H), 7.60 
(m, 1H), 7.51 (m, 2H), 7.18 (d, 1H), 6.37 (bs, 1H), 4.35 (AB, 2H), 4.08 (m, 1H), 
3.05 (m, 2H), 1.98 (m, 1H), 1.52 (m, 1H). 

C. 2.4-Diamino-auinazoline-6-sulfonic acid (1 -r3-faminoiminomethvl^benzvl]- 
30 2-oxo-3(S)-Dvrrolidin-3-vl)amide trifluoroacetate 

2,4-Diamino-quinazoline-6- sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide is converted to the title compound as described in EXAMPLE 24, 
Part C. The crude product is purified by RP-HPLC eluting with a Q»id!#-!! of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the 
35 appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 
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'H NMR (D 2 0, 300 MHz) 8 8.41 (s. 1H), 8.08 (d, 1H), 7.55 (m, 1H), 7.43 (m, 4H), 
4.32 (AB, 2H), 4.15 (m, 1H), 3.13 (m, 2H), 2.12 (m, 1H), 1.63 (m, 1H). FAB MS, 
[M+H] + =455. Elemental analysis calculated with 0.50 mole of H 2 0 cal. 
C=38.77%, H=3.25%, N=13.91%, found C=38.78%, H=3.23%, N=13.92%. 

5 

EXAMPLE 58 

7-Methoxv-2-napthalenesulfoni c acid {1-f3-faminoiminomethvnbenzYiy2-oyo- 
3(S)-Dvrrolidin-3-vl)ethvlamide trifluoroaretats 

10 A, 7-Methoxv-2-napthalenesulfonic arid f 1-(3-cvanobenzvn-2-oxoDvrrolidin-3- 
(SVvnethvlamide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide, prepared as described in EXAMPLE 43, Part A, and ethyl iodide. The 
15 crude product is purified by column chromatography eluting with gradient of 
15% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title compound as a 
white foam. 

1 H NMR (CDCI 3I 300 MHz) 8 8.46 (s, 1H), 7.92 (m, 2H), 7.81 (s, 1H), 7.50 (m, 
4H), 7.28 (m, 1H), 4.59 (m. 2H), 4.39 (m, 1H), 3.92 (s, 3H), 3.26 (m, 3H), 2.49 
20 (m, 1 H), 2.23 (m, 1 H), 1 .22 (m, 3H). 

B. 7-MethQKY-2-naPthale nesUlfonic acid f143-fam:noiminomethyi;Lcr;:?f .)-g. 
OXO-3(S)-Pvrrolidin-3-vl}ethvlamide trifluoroacetate 

7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
25 (S)-yl]ethylamide is converted to the title compound as described in EXAMPLE 
24, Part C. The crude product is purified by RP-HPLC eluting with a gradient of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the 
appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

30 1 H NMR (CDCI 3I 300 MHz) 8 10.24 (bs, 2H), 8.48 (s, 1 H), 7.99 (m, 1 H), 7.90 (m, 
1H), 7.79 (m, 1H), 7.53 (m, 4H), 7.26 (m, 1H), 5.08 (d, 1H), 4.29 (m, 1H), 4.08 
(m, 1H), 3.92 (s, 3H), 3.38 (m, 2H), 3.20 (m, 1H), 2.51 (m, 2H), 1.15 (m, 3H). 
FAB MS, [M+H] + =481. Elemental analysis calculated with 1.75 mole of H 2 0 cal. 
C=50.39%, H=4.72%, N=8.40%, found C=49.99%, H=4.69%, N=8.12%. 

35 

EXAMPLE 59 
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7-Methoxv-2-napthalenesulfonic acid {1 -r3-fcminoiminomethvnbenzvn-2-oxo- 
3fSVpvrrolidin-3-vnr3-fluorobenzy namide trifluoroacetate. 

A. 7-Methoxv-2-napthalenesulfonic acid f1-(3-cvanobenzvl>-2-oxopvrrolidin-3- 
5 rSVyll-O-fluorobenzyhamide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide, prepared as described in EXAMPLE 43, part A, and 3-fluorobenzyl 
bromide. The crude product is purified by column chromatography eluting with 
1 0 gradient of 40% EtOAc/hexanes to 50% EtOAc/hexanes to afford the title 
compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.45 (s, 1H), 7.92 (m, 2H), 7.80 (d, 1 H), 7.60 (m, 
1H), 7.49 (m, 3H), 7.25 (m, 3H), 7.17 (m, 2H), 6.92 (m, 1H), 4.62 (m, 3H), 4.31 
(m, 2H), 3.96 (s, 3H), 3.05 (m, 2H), 2.30 (m, 1H), 1.97 (m, 1H). 

15 

B. 7-Methoxv-2-napthalenesulfonic acid n-r3-faminoiminomethvnbenzvl1-2- 
oxo-3(S)-Dvrrolidin-3-vl)-f3-fluorobenzvnamide trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]- (3-fluorobenzyl)amide is converted to the title compound as described 

20 in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with 
a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d e , 300 MHz) 59.25 (bs, 4H), 8.41 (s, 1H), 7.99 (m, 2H), 7.79 
25 (m, 1 H), 7.69 (m, 1 H), 7.51 (m, 4H), 7.24 9m, 4H), 7.04 (m, 1 H), 4.80 (m, 1 H), 
4.38 (m, 4H), 3.88 (s, 3H), 3.08 (m 2H), 2.12 (m, 1H0. 1.71 (m, 1H). FAB MS, 
[M+H] + =561. Elemental analysis calculated with 0.25 mole of H 2 0 cal. 
C=56.60%, H=4.53%, N=8.25%, found C=56.54%, H=4.48%, N=8.18%. 

30 EXAMPLE 60 

7-Methoxv-2-napthalenesulfonic acid {1-[3-(aminoimino methvnbenzvll-2-oxo- 
3fS)-pvrrolidin-3-vlU4-methvlbenzvnamide trifluoroacetate. 

A. 7-Methoxy-2-naPthalenesulfonic acid [1-(3-cyanobenzvn-2-oxopyrrolidin-3- 
35 (SVvH-(4-methvlbenzvnamide. 

The title compound is prepared as described in EXAMPLE 25, Pat* A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
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yl]amide, prepared as described in EXAMPLE 43. part A, and 4-m*tnyi!?*nzyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 40% EtOAc/hexanes to 50% EtOAc/hexanes to afford the title 
compound as a white foam. 
5 1 H NMR (CDCIg, 300 MHz) 8 8.43 (s, 1 H), 7.92 (m, 2H), 7.78 (d, 1 H), 7.57 (m, 
1H), 7.43 (m, 3H), 7.22 (m, 5H), 7.04(m, 2H), 4.56 (m, 3H), 4.28 (m, 2H), 3.92 (s, 
3H), 2.99 (m, 2H), 2.27 (m, 4H), 1.99 (m, 1H). 

B. 7-Methoxv-2-napthalene sulfonic acid (1-[3-faminoiminomethvl)benzvn-2- 
10 oxo-3(SVpvrroltdin-3-vlU4-methvlbenz ynamide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl](4-methylbenzyl)amide is converted to the title compound as described 
in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC elutircj with 
a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
1 5 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.29 (bs, 2H), 9.11 (bs, 2H), 8.40 (s, 1H), 7.98 
(m, 2H), 7.81 (d, 1H), 7.65 (m, 1H), 7.51 (m, 4H), 7.32 (m, 1H), 7.19 (m, 3H), 
7.05 (d, 2H), 4.75 (t, 1H), 4.45 (m, 2H), 4.25 (m, 2H), 3.89 (s, 3H), 3.06 (m, 1H), 
20 2.95 (m, 1H), 2.1 1 (s, 3H), 2.10 (m, 1H), 1.64 (m, 1H). FAB MS, [M+HJ + =557. 
Elemental analysis calculated with 2 mole of H 2 0 cal. C=56.08%, H=5.28%, 
N=7.93%, found C=56.00%, H=4.69%, N=7.73%. 

EXAMPLE 61 

25 7-Methoxv-2-napthalenesulfonic acid f143-(aminoiminomethvflbenzvn 2-oxo- 
3(S)-pyrrolidin-3-yl}(3-methylbenzyl)amide trifluoroacetate- 

A. 7-Methoxv-2-napthalenesulfonic acid f1-f3-cvanobenzvn-2-oxQpyrrolidin-3- 
fSVvllf3-methvlbenzvnamide. 

30 The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide, prepared as described in EXAMPLE 43, Part A, and 3-methylbenzyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 40% EtOAc/hexanes to 50% EtOAc/ hexanes to afford the title 

35 compound as a white foam. 
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1 H NMR (CDCI3, 300 MHz) 8 8.44 (s, 1H), 7.92 (m, 2H), 7.78 (d, 1H), 7.58 (m, 
1H), 7.42 (m, 3H), 7.23 (m, 2H), 7.09 (m, 5H), 4.55 (m, 3H), 4.28 (m, 2H) : 3.92 
(s, 3H), 3.02 (m, 2H), 2.25 (m, 4H), 1 .95 (m, 1 H). 

5 B. 7-Methoxy-2-napthalenesulfonic acid {1-f3-(aminoiminomethyhbenzvl]-2- 
oxo-3(S)-pyrrolidin-3-yl}(3-methylbenzyl)amide trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(3-methylbenzyl)amide is converted to the title compound as described 
In EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with 
1 0 a gradient of 1 0% CH 3 CN/H 2 0 (0.1 % TFA) to 60% CH 3 CN/H 2 0 (0.1 % TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.19 (bs, 2H), 8.42 (s, 1H), 7.98 
(m, 2H), 7.82 (d, 1H), 7.66 (m, 1H), 7.51 (m, 4H), 7.32 (m, 1H), 7.06 (m, 4H), 
15 4.76 (t, 1H), 4.34 (m, 4H), 3.89 (s, 3H), 3.14 (m, 1H), 2.95 (m, 1H), 2.14 (s, 3H), 
2.10 (m, 1H), 1.68 (m, 1H). FAB MS, [M+H] + =557. Elemental analysis 
calculated with 1.25 mole of H 2 0 cal. C=57.18%, H=5.16%, N=8.08%, found 
C=57.35%, H=4.78%, N=7.98%. 

20 EXAMPLE 62 

7-Methoxv-2-napthalenesulfonic acid {1-f3- (aminoiminomethyhbenzyl}-2-oxo- 
3(S)-pyrrolidin-3-yl}naptha|ene-2-ylmethylamide trifluprpacetate. 

A. 7-Methoxy-2-napthalenesulfonic acid f1-f3-cvanobe nzylV2-oxopyrrolidin-3- 

25 (S)-yl]napthalehe-2-yimethyiamide- 

The title compound is prepared as described in EXAMPLE 25, Part A using 
7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-ylJamide, prepared as described in EXAMPLE 43, part A, and 2-bromo- 
methylnaphthalene. The crude product is purified by column chromatography 

30 eluting with gradient of 40% EtOAc/hexanes to 50% EtOAc/hexanes to afford 
the title compound as a white foam. 

1 H NMR (CDCIg, 300 MHz) 8 8.41 (s, 1H), 7.92 (m, 2H), 7.73 (m, 5H), 7.38 (m, 
9H), 4.81 (AB, 1H), 4.64 (t, 1H), 4.51 (m, 2H), 4.31 (AB, 1H), 3.91 (s, 3H), 2.95 
(m, 2H), 2.24 (m, 1H), 1.99 (m, 1H). 

35 



B. 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethynbenzyl]-2- 
QXQ-3(g)-pyrrolidin-3-yl}napthalene-2-ylmethy|amj de trifluoroapetet e- 
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7-Methoxy-2-napthalenesulf onic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]napthalene-2-ylmethylamide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA). to 60% CH 3 CN/K 2 0 
5 (0.1% TFA) and the appropriate product fractions are lyophilized io provide the 
title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.31 (bs, 2H), 9.20 (bs, 2H), 8.40 (s, 1H), 7.97 
(m, 2H), 7.79 (m, 3H), 7.65 (m, 1H), 7.48 (m, 10H), 4.88 (t, 1H), 4.69 (m, 1H), 
4.40 (m, 3H), 3.89 (s, 3H), 3.09 (m, 1H), 2.91 (m, 1H), 2.13 (m, 1H),1.71 (m, 1H). 
10 FAB MS, [M+HJ + =593. Elemental analysis calculated with 0.75 mole of H 2 0 cal. 
C=60.17%, H=4.63%, N=7.63%, found C=60.03%, H=4.83%, N=7.78%. 

EXAMPLE 63 

7-Methoxv-2-napthalenesulfon ic acid (1-f3-feminoiminomethvl)benzvl>2-oxo- 
15 3($)-Pvrrolidin-3-vl)(3-phenvlallvnamide tfrfluoroacetate. 

A. 7-Methoxv-2- napthalenesulfonic acid n-(3-cvanobenzvn-2-oxopv rro;i din-3- 
(SVvlH3-Dhenvlallvnamide. i 

The title compound is prepared as described in EXAMPLE 25, Part A using 
20 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide, prepared as described in EXAMPLE 43, part A, and cinnamyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 20% EtOAc/hexanes to 30% EtOAc/hexanes to afford the title 
compound as a white foam. 
25 1 H NMR (CDCI 3 , 300 MHz) 6 8.44 (s, 1 H), 7.90 (m, 2H), 7.79 (d, 1 H), 7.50 (m, 
5H), 7.28 (m, 6H), 6.43 (d, 1H), 6.20 (m, 1H), 4.71 (t, 1H), 4.40 (AB, 2H), 4.01 
(m, 2H), 3.91 (s, 3H), 3.17 (m, 2H), 2.48 (m, 1H), 2.31 (m, 1H). 

B. 7-Methoxv-2-napthalenesulfonic acid (1-f 3-(aminoiminomethvnbenryl) -2- 
30 oxo-3(SVovrrolidin-3-vl)f3-phenvlallvnamide trifiucroacetate. 

7-Methoxy-2-napthalenesulf onic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl](3-phenylallyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
35 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 
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1 H NMR (DMSO-dg, 300 MHz) 8 9.28 (bs, 2H), 9.06 (bs, 2H), 8.41 (s, 1H), 7.95 
(m, 2H), 7.79 (m, 1H), 7.61 (m, 2H), 7.45 (m, 3H), 7.29 (m, 6H), 6.50 (d, 1H), 
6.18 (m, 1H), 4.85 (t, 1H), 4.36 (AB, 2H), 4.01 (m, 1H), 3.88 (m, 1H), 3.84 (s, 
3H), 3.14 (m, 2H), 2.91 (m, 1H), 2.15 (m, 1H),1.98 (m, 1H). FAB MS. 
5 [M+H] + =569. Elemental analysis calculated with 1.75 mole of H 2 0 cal. 
C=57.18%, H=5.15%, N=7.84%, found C=57.10%. H=5.15%, N=7.58%. 

EXAMPLE 64 

7-Methoxv-2-napthalenesulfoni c acid {1-f3-famihoiminomethvnbenzyl]-2-oxo- 
10 3fSVDvrrolidin-3-vl}f3-methylbenzyhamide trifluoroacetate. 

A. 7-Methoxv-2-napthalenesulfonic acid f1-( 3-cvanobenzvn-2-oxopvrrolidin-3- 

(S)-yi]}(3-methyibenzyi)amide. 

The title compound is prepared as described in EXAMPLE 26, Part A using 
15 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyI)-2-oxopyrrolidin-3- 
(S)-yl]amide, prepared as described in EXAMPLE 43, part A, and 
2-bromomethylnaphthalene. The crude product is purified by column 
chromatography eluting with gradient of 5% EtOAc/CH 2 CI 2 to 10% 
EtOAc/CH 2 CI 2 to afford the title compound as a white foam. 
20 1 H NMR (CDCI 3 , 300 MHz) 8 8.45 (s, 1 H), 7.92 (m, 2H), 7.80 (d. 1 H). 7.58 (m, 
1H), 7.45 (m, 2H), 7.31 (m, 4H), 7.12 (m, 3H), 4.71 (m, 1H), 4.49 (m, 2H), 4.31 
(AB, 2H), 3.95 (s, 3H), 2.98 (m, 2H), 2.29 (s, 3H), 2.28 (m, 1H), 1.95 (m, 1 H). 

B. 7-Methoxv-2-napthalenesulfonic acid {1-f3 -(aminoiminomethynbenzyl]-2- 
25 oxo-3f$)-pvrrolidin-3-vl)U3-methvlbenzynamide trifluoroacetate. 

7-Methoxy-2-napthalenesulf onic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]}(3-methylbenzyl)amide is converted to the title compound as described 
in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with 
a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
30 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.25 (bs, 2H), 9.14 (bs, 2H), 8.41 (s, 1H) ; 8.00 
(m, 1H), 7.92 (m, 1H), 7.81 (m, 1H), 7.65 (m, 1H), 7.51 (m, 4H), 7.32 (m, 2H), 
7.08 (m, 3H), 4.72 (t, 1H), 4.55 (m, 1H), 4.28 (AB, 2H), 3.90 (s, 3H), 3.09 (m, 
35 1H), 2.90 (m, 1H), 2.21 (s, 3H), 2.15 (m, 1H),1.64 (m, 1H). FAB MS, 
fM+H]*=557. Elemental analysis calculated with 1.75 mole of H 2 0 cal. 
C=56.44%, H=5.24%, N=7.98%, found C=56.39%, H=4.69%, N=7.69%. 
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EXAMPLE 65 

7-Methoxv-2-napthalenesulfonic acid (1 -f3-(aminoiminomethynbenzv[)-2-oxo- 
3(SVpvrrolidin-3-vlU2-fluorobenzvnamide trifluoroacetate. 

5 

A. 7-Methoxv-2-napthalenesulfonic acid f1-(3-cvanobenzvlV2-oxopvrrolidin-3- 
(SVvlftte-fluorobenzynamide. 

The title compound is prepared as described in EXAMPLE 26, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyf'Clidn- 3-(S)- 
1 0 yl]amide, prepared as described in EXAMPLE 43, part A, and 2-fluorobenzyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 5% EtOAc/CH 2 CI 2 to 10% EtOAc/CH 2 CI 2 to afford the title compound 
as a white foam. 

'H NMR (CDCI 3 , 300 MHz) 8 8.50 (s, 1H), 7.93 (m, 2H), 7.80 (m, 1H), 7.61 (m, 
15 2H), 7.48 (m, 2H), 7.32 (m, 5H), 7.12 (m, 1H), 6.98 (m, 1H), 4.58 (m, 4H), 4.28 
(m, 1H), 3.92 (s, 3H), 3.09 (m, 2H), 2.31 (s, 1H), 2.04 (m, 1H). 

B. 7-Methoxv-2-naDthalenesulfonic acid (1-f3-faminoiminomethvnbenzvn-2- 
oxo-3(SVpvrrolidin-3-yl)}(2-fluorobenzvnamide trifluoroacetate. 

20 7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]}(2-fluorobenzyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 

25 as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 4H), 8.42 (s, 1H), 7.95 (m, 2H), 7.79 
(m, 1H), 7.55 (m, 6H), 7.31 (m, 2H), 7.11 (m, 2H), 4.85 (t, 1H), 4.48 (m, 4H), 3.89 
(s, 3H), 3.08 (m, 2H), 2.15 (m, 1H). 1.72 (m, 1H). FAB MS, [M+H] + =561. 
Elemental analysis calculated with 2.50 mole of H 2 0 cal. C=53.40%, H=4.92%, 

30 N=7.78%, found C=53.55%, H=4.28%, N=7.42%. 

EXAMPLE 66 

2-FluorobiPhenvl-4-sulfonic acid {1 -f3-faminoiminomethvnbenzvn-2-oxo-3(SV 
pvrrolidin-3-v l}methvlamide trifluoroacetate. 

35 

A. 2-FluorobiPhenvl-4-sulfonvl chloride. 
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To a solution of 4-bromo-2-fluorobiphenyl (2.54 g, 10.1 mmol) in 50 mL of THF 
at -78°C is added n-butyl lithium (16.3 mL of a 1.6 M solution in hexanes, 10.1 
mmol). After 0.5 hour, the solution is added to a solution of 10 mL of S0 2 in 10 
mL of Et 2 0 at -78°C. The solution is allowed to warm to ambient temperature 
5 and stirred for another 1 hour. The solution is concentrated. The resulting 
solid is suspended in 40 mL of hexanes and cooled to 0°C. To the suspension 
is added sulfuryl chloride (10 mL of a 1 M solution in CH 2 CI 2 , 10 mmol). The 
solution is warmed to ambient temperatures. After 1 hour, the solution is 
concentrated. The resulting residue is triturated with hexanes. The solution is 
10 filtered and the collected solvent is concentrated. The resulting solid is 

recrystallized from hexanes to give the title compound (0.6 g, 2.2 mmol) as a 
white solid. 

'H NMR (CDCI 3 , 300 MHz) 87.88 (m, 2H), 7.68 (m, 1H), 7.52 (m, 5H). 
15 B. 2-FluorobiDhenvl-4-sulfonic acid f1-r3 -cvanob6nzvlV2-oxoDvrrolidin-3-fS^ 

yflamide, 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 2- 
fluorobiphenyl-4-sulfonyl chloride for 6-methoxynaphthalene-2-sulfonyl 
20 chloride. The crude product is purified by column chromatography eluting with 
gradient of 15% EtOAc/CH 2 CI 2 to 30% EtOAc/CH 2 CI 2 to afford the title 
compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.70 (m, 2H), 7.49 (m, 10H), 5.57 (bs, 1H), 4.48 (m, 
3H), 3.88 (m, 1H), 3.21 (m, 2H), 3.21 (m, 2H), 2.60 (m, 1H), 2.07 (m, 1H). 

25 

C. 2-FluorobiDhenvl-4-sulfonic acid M-(3-cya nobenzvlV2-oxopvrrolidin-3-(SV 
vll-methylamide. 

The title compound is prepared as described in EXAMPLE 26, Part A using 2- 
f luorobiphenyl-4-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
30 yl]amide and methyl iodide. The crude product is purified by column 
chromatography eluting with gradient of 10% EtOAc/CH 2 CI 2 to 20% 
EtOAc/CH 2 CI 2 to afford the title compound as a white foam. 
1 H NMR (CDCIg, 300 MHz) 8 7.70 (m, 2H), 7.51 (m, 10H), 4.93 (t, 1H), 4.55 (AB, 
2H), 3.28 (m, 2H), 2.81 (s, 3H), 2.42 (m, 1H), 2.08 (m, 1H). 

35 

D. 2-Fluorobiphenvl-4-sulfonic acid f 1-f3-faminoiminomethvnbenzvl|-2-oxf>- 
3(SVpvrrolidin-3-vl}}methvamide trifluoroacetate. 



WO 96/40679 



114 



PCT/US96/09816 



2- Fluorobiphenyl-4-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]- 
methylamide is converted to the title compound as described in EXAMPLE 24, 
Part C. The crude product is purified by RP-HPLC eluting with a gradient of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the 

5 appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.39 (bs, 2H), 9.14 (bs, 2H), 7.79 (m, 3H), 7.55 
(m, 9H), 4.95 (t, 1 H), 4.43 (AB, 2H), 3.20 (m, 2H), 2.72 (s, 3H), 2.10 (m, 1H), 
1.93 (m, 1H). FAB MS, [M+H] + =481. 

10 

EXAMPLE 67 

3- f(1-r3-(Aminoiminomethvnbenzvn-2-oxoDvrrolidin-3fSV3-vll-f7- 
methoxvnaphthalene-2-sulfonvnamino]Dropionam ide trifluoroaceta ta. 

15 A- 3-f{1-f3-Cvanobenzvn-2-oxopvrrolidin-3-(SVvl>-7-methoxvnaphthalene-2- 
sulfonvlaminol-N-propionic acid t -butvl ester. 

To a solution of 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as described in EXAMPLE 43, part A, 
(0.82 g,1.9 mmol) in 10 mL of DMF is added I^COg (0.52 g, 3.8 mmol) and t- 

20 butyl acrylate (0.48 g, 3.8 mmol). The solution is heated to 60°C and stirred for 
24 hours. After this time, the solution is cooled to ambient temperatures and 
diluted with EtOAc. The solution is washed with 1 N HCI and saturated NaCI. 
The organic layer is dried over MgS0 4 , filtered, and concentrated. The title 
compound (0.64 g, 1 1 mmol) is obtained as a white foam. 

25 1 H NMR (CDCI 3 , 300 MHz) 8 8.41 (s, 1 H), 7.89 (m, 2H), 7.80 (m, 1 H), 7.56 (m, 
4H), 7.23 (m, 2H), 4.71 (t, 1H), 4.50 (AB, 2H), 3.92 (s, 3H), 3.63 (m, 4H), 3.37 
(m, 1H), 3.36 (m, 4H), 2.78 (m, 2H), 2.41 (m, 1H), 2.20 (m, 1H) 1.42 (s, 9H). 

B. 3-r(1-f3-Cvanobenzvn-2-oxopvrrolidin-3-fSVvl}-7-methoxvnaphthalene-2- 
30 sulfonvlaminol-N-propionic acid. 

3-[{1-(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-propionic acid t-butyl ester is converted to the title compound 
as described in EXAMPLE 26, Part B. The title compound is obtained as a 
white foam. 

35 1 H NMR (CDCI 3 , 300 MHz) 8 8.41 (s, 1H), 7.89 (d, 1H), 7.80 (m, 2H), 7.56 (m, 
4H), 7.22 (m, 2H), 4.74 (t, 1H), 4.50 (AB, 2H), 3.92 (s, 3H), 3.56 (m, 1H), 3.37 
(m, 1H), 3.22 (m, 2H), 2.89 (m, 2H), 2.39 (m, 2H), 2.10 (m, 1H). 
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C. 3-ff 1 -f3-Cvanobenzvn-2-oxoDvrrolidin-3-rS)-vl)-7-methoxvnaDhthaleng'>2- 
sulfonvlamino]propionamide. 

To a solution of 3-[{1-(3-cyanobenzyl)-2-oxopyrrolidin : 3-(S)-yl}-7- 
5 methoxynaphthalene-2-sulfonylamino]-N-propionic acid (0.51 g, 1 mmol) and 
triethyl amine (0.12 g, 1.2 mmol) in 10 mL of THF at -20°C is added ethyl 
chloroformate (0.1 1 g, 1 mmol). The solution is stirred for 15 minutes. After this 
time, 14.8 N ammonium hydroxide (0.1 mL, 1.5 mmol) is added. The solution is 
allowed to warm to ambient temperatures, the reaction is stirred for 16 hours. 
1 0 After this time, the solution is diluted with EtOAc. The organic layer is washed 
with 1 N HCI, 10% NajiCOg and saturated NaCI. The organic layer is dried over 
MgS0 4 , filtered, and concentrated. The title compound (0.39 g, 0.77 mmol) is 
obtained as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.41 (s, 1H), 7.85 (m, 2H), 7.50 (m, 4H), 7.26 (m, 
1 5 3H), 5.94 (bs. 1 H), 5.34 (bs. 1 H), 4.75 (t, 1 H), 4.45 (AB, 2H), 3.92 (s, 3H), 5.51 
(m, 1H), 3.40 (m, 1H), 3.19 (m, 2H), 2.78 (m, 2H), 2.32 (m, 1H), 2.09 (m, 1H). 

D. 3-r(1-r3-fAminoiminom ethvnbenzvl]-2-oxoDvrrolidin-3fSV3-vl)-t7- 
methoxvnaDhthalene-2-sulfQn vnaminolDropionamide trifluoroacetate. 

20 3-[{1-(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 

sulfonylamino]propionamide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 

25 as a white solid. 

1 H NMR (DMSO-d e , 300 MHz) 8 9.28 (bs, 2H), 8.98 (bs, 2H), 8.42 (s, 1H), 8.00 
(m, 2H), 7.73 (m, 2H), 7.58 (m, 4H), 7.38 (m, 2H), 6.82 (m, 1H), 4.80 (t, 1H), 4.42 
(AB, 4H), 3.88 (s, 3H), 3.22 (m, 4H), 2.52 (m. 2H), 2.12 (m. 1H), 1.81 (m, ;!H). 
FAB MS, [M+H] + =678. Elemental analysis calculated with 2.25 mole of H a O cal. 

30 C=49.59%, H=5.13%. N=10.33%, found C=49.59%, H=4.71%, N=10.01%. 

EXAMPLE 68 

2-U 1 -f3-( Am inoim inomethynbenzvl]-2-oxopvrrolidin-3-( SVvl}naphthalene-2- 
sulfonvlaminol-N-Dhenethvlacetamide trifluoroacetate. 

35 

A. Naphthalene-2-sulfonic acid [1-(3-cvanobenzvn-2-oxopvrrolidin-3-tSV 

y'temide 
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The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 
naphthalene-2-sulfonyl chloride for 6-methoxynaphthalene-2-sulfonyl chloride. 
The title compound is obtained as a white solid. 
5 'H NMR (CDCL., 300 MHz) 8 8.47 (s, 1 H), 7.92 (m, 4H), 7.61 (m, 3H), 7.42 (m, 
3H), 5.45 (bs, 1H), 4.42 (AB, 2H), 3.78 (m, 1H), 3.18 (m, 2H), 2.57 (m, 1H), 2.08 
(m, 1H). 

B. 2-r(1-f3-CvanobenzylV2-oxoDvrrolidin-3-fSVvl)naDhthalene-2- 

10 sulfonvlaminol-N-acetic a cid t-butvl ester. 

The title compound is prepared as in EXAMPLE 26, Part A substituting 
naphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide 
for 6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin- 
3-(S)-yl]amide. The title compound is obtained as a white solid. 

15 f H NMR (CDCI 3 , 300 MHz) 6 8.52 (s, 1H), 7.92 (m, 3H), 7.81 (d,1H),7.61 (m, 
3H), 7.42 (m, 3H), 4.61 (t, 1H), 4.42 (AB, 2H), 4,12 (m, 1H), 3.78 (m, 1H), 3.21 
(m, 2H), 2.60 (m, 1H), 2.41 (m, 1H), 1.42 (s, 9H). 

Q. 2-r{1-f3-Cyanobenzyl)-2-oxopyrrolidin-3-($)-yl}naphthalene-2- 
20 sulfonylaminol-N-acstic acid. 

The title compound is prepared as in EXAMPLE 26, Part B using 2-[{1-(3- 
cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}naphthalene-2-sulfonylamino]-N-acetic 
acid tert-butyl ester as the starting material. The title compound is obtained as 
a white foam. 

25 1 H NMR (CDCIg, 300 MHz) 8 8.49 (s, 1 H), 7.96 (m, 2H), 7.62 (m, 3H), 7.49 (m, 
3H), 7.20 (m, 2H), 5.61 (bs. 1H), 4.78 (t, 1H). 4.50 (AB, 2H), 3.90 (AB, 2H), 3.29 
(m, 2H), 2.41 (m, 1H), 2.1 1 (m, 1H). 

D. 2-rf1-f3-Cvanobenzvl)-2-oxopv rrolidin-3-(SVvl}naphthalene-2- 

30 sulfonvlaminol-N-phenethylacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}naphthalene-2- 
sulfonylamino]-N-acetic acid for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl}-6-methoxynaphthalene-2-sulfonylamino]-N-acetic acid. The title compound 

35 is obtained as a white foam. 
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1 H NMR (CDCI 3> 300 MHz) 8 8.48 (s, 1H), 7.93 (m, 4H), 7.58 (m, 6H), 7.16 (m, 
5H), 5.61 (bs, 1H), 4.58 (m, 1H), 4.40 (m, 2H), 3.80 (AB, 2H), 3.27 (m, 4H), 2.63 
(m, 2H), 2.21 (m, 2H). 

5 E. 2-ri1-r3-fAminoiminom ethvnbenzyl)-2-oxopyrrolidin-3-fSVyl}naphth alen6-2- 
sulfonylamino)-N-Dhenethylacetamide trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}naphthalene-2-sulfonylaminol-N- 
phenethylacetamide as the starting material. The crude product is purified by 
1 0 RP-HPLC eluting in a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% 

CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 6 9.31 (bs, 2H), 9.23 (bs, 2H), 8.52 (s, 1 H), 8.05 
(m, 5H), 7.59 (m, 6H), 7.20 (m, 4H), 7.38 (m, 2H), 4.85 (t, 1H), 4.42 (AB, 4H), 
15 3.70 (m, 3H), 3.18 (m, 4H), 2.59 (m, 2H), 2.05 (m, 2H). FAB MS, [M+H] + =584. 
Elemental analysis calculated with 1.75 mole of H 2 0 cal. C=56.00% : H=5.18%, 
N=9.60%, found C=56.15%, H=4.84%, N=9.27%. 

EXAMPLE 69 

20 2-r{1-f3-(Aminoiminomethvnbenzvn-2-oxoDvrrolidin-3-(SVyl}biphenyl-4- 
sulfonvlaminol-N-Dhenethvlaceta mide trifluoroacetate. 

A. Bi phenyl-2-sulfonic acid M-(3-cvanobenzvlV2-oxopvrrolidin-3-rSl y namidfl 
The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 

25 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 
biphenyl-4-sulfonyl chloride for 6-methoxynaphthalene-2-sulfonyl chloride. 
The title compound is obtained as a white foam. 

'H NMR (CDCI 3 , 300 MHz) 8 7.96 (m, 2H), 7.76 (m, 3H), 7.61 (m, 4H), 7.49 (m, 
5H), 5.35 (bs, 1H), 4.45 (AB, 2H), 3.79 (m, 1H), 3.22 (m, 2H), 2.60 (m, 1H), 2.10 
30 (m, 1H). 

B. 2-f{ 1 •f3-CvanobenzvlV2-oxopvrrolidin-3-rS^- vl)biphenyl-4-sulf unviam ino]- 
N -acetic acid t-butyl ester. 

The title compound is prepared as in EXAMPLE 26, Part A substituting 
35 biphenyl-4-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl]amide for 
6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide. The title compound is obtained as a white foam. 
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1 H NMR (CDCI3, 300 MHz) 5 8.06 (m, 2H), 7.66 (m, 2H), 7.52 (m, 4H), 7.31 (m, 
5H), 4.45 (m, 3H), 4.08 (AB, 1H), 3.79 (AB, 1H), 3.18 (m, 2H), 2.52 (m, 1H), 2.31 
(m, 1H), 1.41 (s,9H). 

5 C. 2-f{1-f3-Cvanoben2vn -2-oxopyrrolidin-3-(SVyl}biphenyl-4-sulfonylamino)- 
N-acetic acid. 

The title compound is prepared as in EXAMPLE 26, Part B using 2-[{1-(3- 
cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}biphenyl-4-sulfonylamino]-N acetic acid 
t-butyl ester as the starting material. The title compound is obtained as a white 
10 foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.92 (m, 2H), 7.74 (m, 3H), 7.52 (m, 8H), 7.21 (m, 
1H), 4.61 (t, 1H), 4.52 (AB, 2H), 3.91 (AB, 2H), 3.30 (m, 2H), 2.48 (m, 1H), 2.09 
(m, 1H). 

15 D. 2-K 1 -(3-Cvanobenzvn-2-oxoDvrrolidin-3-rs>-yl}biphen yl-4-sulfonylamino]- 
N-Dhenethvlacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{ 1 -(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-biphenyl-4- 
sulfonylamino]-N-acetic acid for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
20 yl}-6-methoxynaphthalene-2-sulfonylamino]-N-acetic acid. The title con-.pound 
is obtained as a white foam. 

1 H NMR (CDCI3, 300 MHz) 8 7.94 (m, 3H), 7.71 (m, 3H), 7.50 (m, 7H), 7.20 (m, 
5H), 4.61 (m, 1H), 4.44 (m, 3H), 3.78 (AB, 2H), 3.30 (m, 3H), 2.71 (m, 3H), 2.24 
(m, 2H). 

25 

E. 2-f(1-r3-fAminoiminomethvnbenzyn-2-oxoDyrrolidin-3-tSVyl}biphenyl-4- 
sulfonvlaminol-N-phenethvlacetamide trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}biphenyl-4-sulfonylamino]-N- 
30 phenethylacetamide as the starting material. The crude product is purified by 
RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid. 

1 H NMR (CD 3 OD, 300 MHz) 8 8.51 (m, 1H), 8.00 (m, 2H), 7.82 (m, 2H), 7.68 (m, 
35 5H), 7.45 (m, 3H), 7.19 (m, 5H), 4.68 (m, 2H), 4.39 (m, 1H), 3.82 (AB, 2H), 2.70 
(m, 3H), 2.32 (m, 1H), 2.15 (m, 1H). FAB MS, [M+H] + =610. 
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EXAMPLE 70 

2- f{1-f3-rAminoiminomethvnbenzvl]-2-oxopvrrolidin>3-rSVyn-7- 
methoxynaphthalene-2-sulfonylamino]-N-phenethylacetamide trifluoroacetate. 

5 A. 2-[{1-f3-Cvanoben2vh-2-oxoDvrrolidin-3-fS>-vl>-7-methoxvnaphthalen6-2- 
sulfonvlaminol-N-acetic acid t-butvl ester. 

The title compound Is prepared as described in EXAMPLE 26, Part A 
substituting 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as described in EXAMPLE 43, part A, 
10 for 6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyiro!idin- 

3- (S)-yl]amide. The title compound is obtained as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.41 (s, 2H), 7.81 (m, 3H), 7.50 (m, 1 H), 7.44 (m, 
3H), 7.22 (m, 2H), 4.61 (t, 1H), 4.42 (AB, 2H), 3.90 (s, 3H), 3.74 (AB, 1H), 3.20 
(m, 2H), 2.58 (m, 1H), 2.41 (m, 1H), 1.42 (s, 9H). 

15 

B. 2-ff1-f3-Cvanobenzvn-2-oxop vrrolidin-3-fS^-vlV7-methoxvnaphthalene-2- 
sulfonvlaminol-N-a cetic acid. 

The title compound is prepared as described in EXAMPLE 26, Part B using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
20 sulfonylamino]-N-acetic acid t-butyl ester as the starting material. The title 
compound is obtained as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 9.45 (bs, 1H), 8.41 (s, 2H), 7.91 (d, 1H), 7.P0 (d, 
1H), 7.71 (m, 1H), 7.62 (m, 1H), 7.59 (m, 3H), 7.20 (m, 1H), 4.81 (t, 1H). 4.150 
(AB, 2H), 3.90 (s, 3H), 3.89 (AB, 2H), 3.28 (m, 2H), 2.41 (m, 1 H), 2.16 (m, 1H). 

25 

C. 2-r(1-f3-Cvanobenzvl^2-oxo Dvrrolidin<3-(S)-vl)-7-methoxvnaphthalene-2- 
SulfonvlaminoyN-phenethylacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 

30 methoxynaphthalene-2-sulfonylamino]-N-acetic acid for 2-[{1-(3-cyanobenzyl)- 
2-oxopyrrolidin-3-(S)-yl}-6-methoxynaphthalene-2-sulfonylamino]-N-acetic 
acid. The title compound is obtained as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.35 (m, 1H), 8.14 (m, 2H), 7.82 (m, 4H), 7.53 (m, 
5H), 7.21 (m, 4H), 5.71 (bs, 1H), 4.58 (AB, 1H), 4.42 (m, 2H), 3.91 (s, 3H), 3.80 

35 (AB, 2H), 3.31 (m, 4H), 2.69 (m, 2H), 2.29 (m, 1 H), 2.14 (m, 1 H). 
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D. 2-[{1-[3-fAminoiminomethvnbenzvl]-2-oxoDvrroiidin-3-fS^-vll-6- 
methQxvnaDhthalene-2-sulfonyla minoyN-Dhenethvlacetamide trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 24, Part C using 
2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
5 sulfonylamino]-N-phenethylacetamide as the starting material. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 6 9.31 (bs, 2H), 9.10 (bs, 2H), 8.43 (s, 1H), 8.22 
10 (m, 1H), 8.02 (m, 2H), 7.74 (m, 2H), 7.58 (m, 2H), 7.21 (m, 5H), 4.80 (t, 1H), 4.44 
(AB, 2H), 3.85 (s, 3H), 3.84 (m, 1H), 3.58 (m, 1H), 3.21 (m, 2H), 2.64 (m, 2H), 
2.15 (m, 1H), 1.99 (m, 1H). FAB MS, [M+H] + =614. Elemental analysis, 
calculated with 2.50 mole of H 2 0 cal. C=54.40%, H=5.35%, N=9.06%, found 
C=56.26%, H=4.87%, N=8.69%. 

15 

EXAMPLE 71 

2-f{1-f3-(Aminpiminpmethyl)benzyl]-2-QXQpyrrolidin-3-(S)-y|}-7- 
methoxvnaDhthalene-2-sulfonvlaminol-N-ethvlacetamide trifluoroacetate. 

20 A. 2-[{1-(3-Qyg(nobenzyl)-2-QxopyrrQ|idin-3-(3)-yl}-7-methoxynaphthalen9-2- 
sulfonvlaminol-N-ethvlacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 
25 EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yi}-6- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and ethyl amine 
hydrochloride for phenethyl amine. The title compound is obtained as a white 
foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.39 (s, 1H), 7.91 (m, 1H), 7.81 (m, 2H), 7.55 (m, 
30 3H), 7.29 (m, 4H), 5.71 (bs, 1 H), 4.50 (m, 3H), 3.93 (s, 3H), 3.80 (AB, 2H), 3.21 
(m, 4H), 2.31 (m, 2H), 0.90 (m, 3H). 

B. 2-f{ 1 -f3-( Aminoiminomethynbenzyn-2-oxopyrrolidin-3-fS)-vl^7- 
methoxvnaphthalene-2-sulfonvlaminoyN-ethylacetamide trifluoroacetate. 
35 The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yiy7-methoxynaphthalene-2- 
sulfonylamino]-N-ethylacetamide as the starting material. The crude product is 
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purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.26 (bs, 2H), 9.00 (bs, 2H), 8.42 (s, 1H), 8.1 1 
5 (m, 1 H), 8.01 (m, 2H), 7.78 (m, 1 H), 7.68 (m, 1 H), 7.52 (m, 3H), 7.33 (m, 1 H), 
4.80 (t. 1H), 4.44 (AB, 2H), 3.89 (s, 3H), 3.71 (AB, 2H), 3.19 (m, 2H), 3.02 (m, 
2H), 2.09 (m, 2H), 0.90 (m, 3H). FAB MS, [M+H] + =538. Elemental analysis 
calculated with 2.25 mole of H 2 0 cal. C=50.32%, H=5.31%, N=10.12%, found 
C=50.21%, H=4.59%, N=9.60%. 

10 

EXAMPLE 72 

2-ff1-r3-fAminoimi nomethyhbenzvn-2-oxopvrrolidin-3-rS)-yl}-7- 
methoxvnaDhthalene-2.sulfonvlamino)-N.N .dimethvlacetamide trifluoroacetate. 

15 A. 2-r(1-(3-Cvanobenzvn-2-oxoDyrrolidi n-3-fS)-vl)-7-methQxvnanhthalfinP-P- 
sulfonvlaminol-N.N-dimethvlacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 
20 EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and dimethyl amine 
hydrochloride for phenethyl amine. The title compound is obtained as a white 
foam. 

1 H NMR (CDCI 3> 300 MHz) 8 8.49 (s, 1 H), 7.88 (m, 1 H), 7.78 (m, 1 H), 7.45 (m, 
25 5H), 7.30 (m, 3H), 4.60 (m, 2H), 4.32 (m, 1H), 4.20 (m, 2H), 3.92 (s, 3H), 3.15 
(m, 2H), 3.00 (s, 3H), 2.91 (s, 3H), 2.28 (m, 2H). 

B. 2-K 1 -f3-f Aminoiminomethyn benzvl1-2-oxQDvrrolidin-3-fSWyl}-7- 
methoxynaphthal ene>2-sulfonylaminol-N.N-dimethylacetamide trifluoroacetate. 

30 The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N,N-dimethylacetamide as the starting material. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/ H 2 0 (0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 

35 lyophilized to provide the title compound as a white solid. 

'H NMR (DMSO-d 6 , 300 MHz) 8 9.22 (bs, 2H), 9.02 (bs, 2H), 8.43 (s, 1H), 7.92 
(m, 2H), 7.78 (d, 1H), 7.65 (m, 1H), 7.51 (m, 4H), 7.32 (m, 1H), 7.33 (m, 1H), 
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4.71 (t, 1H), 4.38 (m, 3H), 3.91 (m, 1H), 3.90 (s, 3H), 3.12 (m, 2H), 2.98 (s, 3H), 
2.78 (s, 3H), 2.18 (m,2H). FAB MS, [M+H] + =538. Elemental analysis 
calculated with 2.25 mole of H 2 0 cal. C=50.32%, H=5.2%, N=10.12%, found 
C=50.38%, H=4.66%, N=9.65%. 

5 

EXAMPLE 73 

2- [{1-f3-fAminoiminomethyhbenzyl]-2-oxopyrrolidin-3-^SVyl}-7- 
methoxvnaphthalene-2-sulfonylaminol-N-benzvlacetamide trifluoroacetate. 

10 A. 2-r(1-r3-Cvanoben2yh-2-oxopyrrolid in»3-fS^-vl)-7-methoxvnaphthalene.2- 
sulfonvlaminol N-benzyla cetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 

1 5 EXAMPLE 70, Part B, for 2-[{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and benzyl amine for 
phenethyl amine. The title compound is obtained as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 6 8.42 (m, 2H), 7.79 (m, 4H), 7.60 (m, 4H), 7.21 (m, 
5H), 5.53 (bs, 1H), 4.53 (m, 2H), 4.32 (m, 2H), 3.91 (s, 3H), 3.87 (m, 2H), 3.26 

20 (m, 2H), 2.32 (m, 1 H), 2.16 (m, 1 H). 

B r 2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxvnaDhthalene-2-sulfonylamino)- N-benzylacetamid e trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 24, Part C using 2- 

25 [{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 

sulfonylamino]-N-benzy!acetamide as the starting material. The crude product 
is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophiiized to provide the title compound as a white solid. 

30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.27 (bs, 2H), 9.10 (bs, 2H), 8.63 (m, 1 H), 8.43 
(s, 1H), 7.96 (m, 2H), 7.73 (m, 2H), 7.58 (m, 4H), 7.32 (m, 1H), 7.24 (m, 4H), 
4.83 (t, 1H), 4.52 (AB, 2H), 4.30 (m, 2H), 3.89 (s, 3H), 3.85 (AB, 2H), 3.17 (m, 
2H), 2.10 (m, 2H). FAB MS, [M+H] + =600. Elemental analysis calculated with 
2.25 mole of H 2 0 cal. C=54.14%, H=5.15%, N=9.29%, found C=54.29%, 

35 H=4.73%, N=9.01%. 
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2-ff1-r3-(AminoiminomethynhPn g vn-2-oxopyrroliHin-?-(.Q ).yi}.7. 

methoxvnaDhthalen6-2.siilfnp vlamino]-N.r2-p-toluvlethvl^ac6tamidft 
trifluoroacetate. 

5 A, 2j{ 1 -f3-Cvanobenzvn-2-oxoDvrrolidi n -3.rS^\/n-7.methoyvnaphthalapo.p. 
sulfonvlaminol N-te-p-tolti vlethyhaftfitamirte , 
The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 

1 0 EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and 2-p-toluylethyl amine 
for phenethyl amine. The title compound is obtained as a white foam. 
'H NMR (CDCI 3 , 300 MHz) 5 8.40 (s, 1H), 7.81 (m, 3H), 7.56 (m, 4H), 7.28 (m, 
2H), 7.01 (m. 5H), 4.50 (AB, 1H), 4.41 (m, 3H), 3.91 (s, 3H), 3.76 (AB, 2H), 3.28 

15 (m, 4H), 2.60 (m, 2H), 2.30 (m, 1H), 2.29 (s, 3H), 2.18 (m, 1H). 

B. 2-K 1 -f3-f Aminoiminom6thvhh ftnzvn-2-oxopvrrolidin.3.(SVyl}.7. 
methoxvnaphthalene-2-sulfonylami no1-(2-p-tQliJvlethvnacatamirlft 
triflgprQ9petate. 

20 The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-2-p-toluylethylacetamide as the starting material. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 

25 lyophiiized to provide the title compound as a white solid. 

1 H NMR (DMSO-dg, 300 MHz) 8 9.34 (bs, 2H), 9.28 (bs, 2H), 8.42 (m, 1H), 8.21 
(m, 1H), 8.05 (m, 1H), 7.95 (m, 1H), 7.77 (m, 1H), 7.68 (m, 1H), 7.57 (m, 1H), 
7.31 (m, 1H), 7.05 (m, 4H), 4.79 (t, 1H), 4.50 (AB. 2H), 3.89 (s, 3H), 3.73 (AB, 
2H), 3.14 (m, 4H), 2.55 (m, 2H), 2.21 (s, 3H), 2.03 (m, 2H). FAB MS. 

30 [M+H] + =628. 

EXAMPLE 75 

2-rf1-r3-(Aminoiminomethyhben zvl1-2-oxopvrrolidin-3-fSWIU7. 
methoxvnaphthalene-2-sulfonvlamino1.N-f3.p henvlpropvnaf!fttami(lft 
35 trifluoroacetate- 
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A, 2-r(1-f3-Cvanobenzvl)-2-oxoDvrrolidin.3.fR^. v|)-7-methoxynaDhthalanft.p. 
sulfonvlaminol N-fc-phenvl-prop ynacetamidft. 

The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-({1-(3-cyanobenzyl)-2-oxopyrrolidin«3-(S)-yl}-7- 
5 methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 

EXAMPLE 70. Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrroiidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and 3-phenyl-propyl 
amine for phenethyl amine. The title compound is obtained as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 5 8.36 (s, 1H), 7.93 (m, 1 H), 7.80 (m, 3H), 7.50 (m, 
10 3H), 7.21 (m, 5H), 7.08 (m, 2H), 4.55 (AB, 2H), 4.41 (m, 2H), 3.92 (s, 3H), 3.82 
(AB, 2H), 3.33 (m, 1H), 3.25 (m, 1H), 3.09 (m, 2H), 2.48 (m, 2H), 2.39 (m, 1H), 
2.29 (m, 1H),1.56 (m,2H). 

B. 2 -f{ 1 -r3-(AminQiminomethvnbenzvn-2-oxopyrrolidin-3-fSWyl}-7. 
15 methoxvnaphthalene-2-sulfonvlaminoH 3-phenyl-pro pvnacetamide 

trifluoroacetate. 

The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-3-phenylpropylacetamide as the starting material. The crude 

20 product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1 % 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 5 9.28 (bs, 2H), 9.05 (bs, 2H), 8.42 (s, 1H), 8.18 
(m, 1H), 8.01 (d, 1H), 7.92 (d, 1H), 7.75 (d, 1H), 7.68 (m, 1H), 7.58 (m, 4H), 7.33 

25 (dd, 1 H), 7.23 (m, 2H), 7.1 5 (m, 2H), 4.85 (t, 1 H), 4.43 (AB, 2H), 3.85 (s, 3H), 
3.73 (AB, 2H), 3.13 (m, 2H), 3.00 (m, 2H), 2.53 (m, 2H), 2.10 (m, 2H), 1.60 (m, 
2H). FAB MS, [M+H] + =628. Elemental analysis calculated with 2.25 mole of 
H 2 0 cal. C=55.27%, H=5.48%, N=8.98%, found C=55.27%, H=4.87%, 
N=8.64%. 

30 

EXAMPLE 76 

2-R1-r3-(Aminoiminomethvnbenzyl]-2-oxopyrr olidin-3-fSWIV7. 

methoxvnaDhthal8ne-2-sulfo nylaminol-NW4-methylbenzvnacetamide 

trifluoroacetate. 

35 

A. 2-f(1-(3-Cvanobenzyn-2-oxopvrrolidin-3-fS)-yl}-7-methoxvnaphthalene-2- 
sulfonvlamino)-N-f4-methvlbenzy nacetamide. 
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The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 
EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
5 methoxynaphthalene-2-sulfonylamino]-N-acetic acid and. 4-methylbenzyl 
amine for phenethyl amine. The title compound is obtained as a white foam. 
n H NMR (CDCI 3 , 300 MHz) 5 8.35 (s, 1H), 8.15 (m, 1H), 7.76 (m, 2H), 7.51 (m, 
5H), 7.29 (m, 3H), 6.98 (m, 2H), 4.52 (m, 3H), 4.26 (m, 2H), 3.92 (s, 3H), 3.82 
(AB, 2H), 3.21 (m, 2H), 2.28 (m, 2H), 2.27 (s, 3H). 

10 

B. 2-r{1-[3-rAminoiminomethynbenzvll-2-oxopyrrolidin-3-(SVyl}-7- 
methpxynaphthalene-2-su Ifpnylgm inQ]-(4-methylbenzyi)acetam ide 
trifiuoroacetate, 

The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
1 5 [{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 

sulfonylamino]-N-4-methylbenzylacetamide as the starting material. The crude 
product is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% 
TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
20 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.24 (bs, 2H), 9.10 (bs, 2H), 8.58 (m, 1H), 8.42 
(s, 1H), 7.95 (m, 2H), 7.72 (m, 2H), 7.51 (m, 3H), 7.33 (dd, 1H), 7.05 (m, 4H), 
4.73 (t, 1H), 4.40 (AB, 2H), 4.19 (m, 2H), 3.88 (s, 3H), 3.81 (AB, 2H), 3.14 (m, 
2H), 2.24 (s, 3H), 2.06 (m, 2H). FAB MS, IM+H] + =614. 

25 EXAMPLE 77 

2- [{1-f3WAminoiminometh vhbenzvl)-2-oxopyrrolidin-3-(S^-vlV7- 

methoxvnaphthalene-2-sulfonvlamino1-N-r2-f3-fluorophenvnethvl1acetamide 

trifiuoroacetate. 

30 A 2-[{1-f3-Cyanobenzyn-2-oxopyrrolidin-3-(S^ylV7-methoxynaphthalene-2- 
sulfonylaminol N-f2-(3-flu orophenvltethyl1acetamide. 
The title compound is prepared as described in EXAMPLE 26, Part C 
substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 

35 EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyI)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and 2-(3-fluorophenyl)- 
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ethylamine for phenethylamine. The title compound is obtained as a white 
foam. 

'H NMR (CDCIg, 300 MHz) 8 8.38 (s, 1H), 7.98 (m, 1H), 7.89 (m, 1H), 7.78 (m, 
1H), 7.54 (m, 3H), 7.25 (m, 4H), 6.87 (m, 3H), 4.62 (AB, 1H), 4.38 (m, 3H), 3.94 
5 (s, 3H), 3.75 (AB, 2H), 3.31 (m, 4H), 2.68 (m, 2H), 2.31 (m, 1 H), 2.1 7 (m, 1 H). 

B. 2-f{ 1 -\3-( Aminoiminomethynbenzyl)-2-oxopyrrolidin-3-^SVyl)-7- 

methoxvnaphthalene-2-sulfonylamino]-N-[2-r3-fluoroDhenynethvllacetamide 

trifluoroacetate. 

10 The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-2-(3-fluorophenyl)ethylacetamide as the starting material. 
The crude product is purified by RP-HPLC eluting in a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 

1 5 product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 5 9.30 (bs, 2H), 9.10 (bs, 2H), 8.42 (s, 1H), 8.21 
(m, 1H), 7.99 (m, 2H), 7.72 (m, 2H), 7.56 (m, 3H), 7.30 (m, 2H), 7.02 (m, 3H), 
4.81 (t, 1H), 4.44 (AB, 2H), 3.99 (m, 1H), 3.95 (s, 3H), 3.60 (AB, 1H), 3.28(m, 
2H), 3.13 (m, 2H), 2.72 (m, 2H), 2.04 (m, 2H). FAB MS, [M+H] + =632. Elemental 

20 analysis cal. C=51.69%, H=4.22%, N=8.13%, found C=52.19%, H=4.52%, 
N=8.36%. 

EXAMPLE 78 

2-[{1-[3-(Aminoiminomgthy|)benzyl]-2-pxppyrrp|idin-3-(S)-yl}-7- 
25 methoxynaphthalene-2-su lfonvlamino]-N-indan-2-ylacetamide trifluoroacetate. 

A. 2-f{ 1 -r3-Cvanobenzyl)-2-oxopyrrolidin-3-(S >-yl}-7-methoxvnaDhthalene-2- 
sulfonylamino-N-i ndan-2-ylacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
30 substituting 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 
EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin«3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and 2-aminoindane for 
phenethylamine. The title compound is obtained as a white foam. 
35 'H NMR (CDCI 3> 300 MHz) 5 8.35 (s, 1 H), 8.1 4 (m, 1 H), 7.75 (m, 3H), 7.54 (m, 
4H), 7.21 (m, 5H), 4.66 (AB, 1H), 4.42 (m, 3H), 3.92 (s, 3H), 3.83 (AB, 2H), 3.35 
(m, 1H), 3.18 (m, 1H), 2.94 (m, 1H), 2.75 (m, 1H) , 2.37 (m, 3H). 
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B. 2-(f1-r3-fAminoiminomethvnben2yl]-2-oxopvrrolidin-3-fSVyl}-7- 
methoxvnaohthalene-2-sulfonyl amino)-N-indan-2-vlacetamide trifluornaftfttata 
The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
5 [{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-2-(3-fluorophenyl)ethylacetamide as the starting material. 
The crude product is purified by RP-HPLC eluting in a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H z O (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 

1 0 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.190 (bs, 2H), 8.40 (m, 2H), 
7.95 (m, 2H), 7.70 (m, 2H), 7.54 (m, 3H), 7.33 (dd, 1H), 7.11 (m, 4H), 5.08 (t, 
1H), 4.44 (AB, 2H), 4.36 (m, 1H), 3.91 (m, 2H), 3.87 (s, 3H), 3.1 9(m, 2H), 3.08 
(m, 2H), 2.62 (m, 2H), 2,10 (m, 2H). FAB MS, [M+H] + =626. Elemental analysis 
calculated with 1 mole of H 2 0 cal. C=52.35%, H=4.51%, N=8.03%, found 

1 5 C=52.40%, H=4.81 %, N=8. 1 9%. 

EXAMPLE 79 

2-r(1-r3-fAminoiminomethvnbenzyll-2» oxopvrrolidin-3-(SVyl}-7- 
methoxvnaDhthalene-2-sulfonvlamino1-N-f2-pvri din-3-yl-ethyhacetamide 

20 fristrifiuoroacetate- 

A. 2-rf1-f3-Cvanobenzvn-2-oxopvrrolidin-3-(SVvl}.7-methQx ynaphthalene.2- 
sulfonvlaminol-N-(2-pvridin-3-vl-ethvnacetamide. 

The title compound is prepared as described in EXAMPLE 26, Part C 
25 substituting 2-[{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-acetic acid, prepared as in 
EXAMPLE 70, Part B, for 2-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid and 3-(2-ethylamino)- 
pyridine for phenethyl amine. The title compound is obtained as a white foam. 
30 1 H NMR (CDCI 3 , 300 MHz) 8 8.40 (m, 3H), 7.90 (m, 1H), 7.76 (m, 2H), 7.52 (m, 
3H), 7.25 (m, 4H), 4.59 (AB, 1H), 4.41 (m, 2H), 3.95 (s, 3H), 3.75 (AB, 2H), 3.30 
(m, 4H), 2.68 (m, 2H), 2.21 (m, 2H). 

B. 2-[{1-[3-fAminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 

35 methoxvnaphthalene-2-sulfonylamino1-N-(2-pyridin-3-vl-ethyn acetamide 
bistrifluoroacetate. 
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The title compound is prepared as described in EXAMPLE 24, Part C using 2- 
[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-N-2-(3-fluorophenyl)ethylacetamide as the starting material. 
The crude product is purified by RP-HPLC eluting in a gradient of 10% 
5 CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.40 (bs, 2H), 9.30 (bs, 2H), 9.13 (bs, 1H), 8.39 
(s, 1H), 8.27 (m, 2H), 7.95 (m, 2H), 7.69 (m, 2H), 7.54 (m, 5H), 7.30 (dd, 1H), 
4.80 (t, 1H), 4.40 (AB, 2H), 3.87 (s, 4H), 3.73 (AB, 2H), 3.40 (m, 2H), 3.12 (m, 
1 0 2H), 2.88 (m, 2H), 2.46 (m, 2H), 1 .99 (m, 2H). FAB MS, [M+H] + =615. Elemental 
analysis calculated with 3 mole of H 2 0 cal. C=48.21%, H=4.72%, N=9.37%, 
found C=48.28%, H=4.23%, N=8.82%. 

EXAMPLE 80 

15 4,5-Djchlorothiophene-2-sulfonic acid {1 -r3-(aminoiminomethvnbenzvn-2-oxo- 
3(S)-Pvrrolidin-3-vl)amide trifluoroacfttatp 

A- 4,5-Pichlpr0thi0Phene-2-sulfonic acid ri-(3-cvanobgn7yl V 2-oxoDvrrnliriin.3. 

(S)-yllamide. 

20 The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 

ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 4,5- 
dichlorothiophene-2-sulfonyl chloride for 6-methoxynaphthalene-2-sulfonyl 
chloride. The crude product is purified by column chromatography eluting with 
gradient of 1 0% EtOAc/CH 2 CI 2 to 20% EtOAc/CH 2 CI 2 to afford the title 

25 compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 87.52 (m, 1H), 7.42 (m, 4H), 5.78 (bs, 1H), 4.50 (AB, 
2H), 3.91 (dd, 1H), 3.24 (dd, 2H), 2.61 (m, 1H), 2.10 (m, 1H). 

B. 4.5-Dichlorothiophene-2-sulf onic acid {1-[3-(aminoiminomethvnben?yl1-9- 

30 oxo-3(SVpyrrolidin-3-vl }amide trifluoroacetate 

4,5-Dichlorothiophene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide is converted to the title compound as described in EXAMPLE 24, 
Part C. The crude product is purified by RP-HPLC eluting with a gradient of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the 

35 appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 
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1 H NMR (DMSO-d 6l 300 MHz) 8 9.26 (bs, 2H), 9.05 (bs, 2H), 8.78 (s, 1H), 8.72 
(s, 1H), 7.62 (m, 1H), 7.51 (m, 3H), 4.38 (AB, 2H), 4.19 (dd, 1H), 3.08 (m, 2H), 
2.20 (m, 1H), 1.71 (m, 2H). FAB MS, [M+HJ + =447. Elemental analysis 
calculated with 0.50 mole of H 2 0 cal. C=37.90%, H=3.18%, N=9.82%, found 
5 C=37.84%, H=3.20%, N=9.69%. 

EXAMPLE 81 

4.5-Dichlorothiophene -2-sulfonic acid (1-[3-(aminoiminomethvnbenzyll-2-oxo- 
3(SVpvrrolidin-3-vl)methvlamide trifluoroacetate. 

10 

A. 4.5-Dichlorothiophene-2-sulfonic acid [1-^3»cvanobenzvn-2-dxoDvrrolidin-3- 
(SVyllmethvlamide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 4,5- 
dichlorothiophene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
1 5 yljamide, prepared as described in EXAMPLE 80, part A, and methyl iodide. 
The crude product is purified by column chromatography eluting with gradient 
of 15% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title compound as a 
white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.58 (m, 2H), 7.40 (m, 3H), 4.82 (t, 1H), 4.41 (AB, 
20 2H), 3.21 (m, 2H), 2.82 (s, 3H), 2.38 (m, 1H), 2.04 (m, 1H). 

B. 4.5-Dichlorothiophene-2-sulfonic acid (1-f3-(aminoiminomethvnbenzvl]-2- 
oxo-3(S)-pyrrolidin-3-yl}methylamide trifluoroacetate. 
4,5-Dichlorothiophene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 

25 (S)-yl]methylamide is converted to the title compound as described in 

EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophiiized to provide the title compound 
as a white solid. 

30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.1 5 (bs, 2H), 7.90 (s, 1 H), 7.62 
(m, 1H), 7.51 (m, 3H), 4.85 (t, 1H), 4.41 (AB, 1H), 3.18 (m, 2H), 2.77 (s, 3H), 
2.15 (m, 1H), 1.96 (m, 1H). FAB MS, [M+H] + =461. Elemental analysis 
calculated with 1.25 mole of H 2 0 cal. C=38.17%, H=3.62%, N=9.37%, found 
C=38.18%, H=3.19%, N=9.06%. 

35 

EXAMPLE 82 



WO 96/40679 



PCI7US96/09816 



4.5-Dichlorothiophene-2-sulfonic acid {1-f3-r aminoiminomethvnbenzvl)-2-oxo- 
3(SVpyrrolidin-3-vl)benzvlamide trifluoroacetate. 

A. 4.5-Dichlorothiophene-2-sulfonic acid [1 -(3-cyanobenzylV2-oxopyrrolidin-3- 
5 (SVvl)-benzylamide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 4,5- 
dichlorothiophene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide, prepared as described in EXAMPLE 80, part A, and methyl iodide. 
The crude product is purified by column chromatography eluting with gradient 
1 0 of 20% EtOAc/hexanes to 40% EtOAc/hexanes to afford the title compound as 
a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 87.61 (m, 2H), 7.49 (m, 3H), 7.35 (m, 5H), 4.54 (m, 
3H), 4.32 (AB, 2H), 3.03 (m, 2H), 2.18 (m, 1 H), 1 .88 (m, 1 H). 

15 B. 4.5-Dichlorothiophene-2-sulfonic ac id {1-[3-(aminoiminomethynbenzvl]-2- 
Oxo-3(S)-pyrrplidjn-3-yl}benzylamide trifluprpapetatS- 
4,5-Dichlprpthiophene-2-sulfonic acid [1 -(3-pyanpbenzyl)-2-PXppyrrolidin-3- 
(S)-yl]-benzylamide is cenverted tp the title cemppund as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 

20 gradient pf 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.29 (bs, 2H), 9.03 (bs, 2H), 7.94 (s, 1 H), 7.63 
(m, 4H), 7.30 (m, 5H), 4.81 (t, 1H), 4.40 (AB, 1H), 4.20 (AB, 2H), 3.10 (m, 2H), 
25 2.99 (m, 1H), 2.12 (m, 1H), 1.69 (m, 1H). FAB MS, [M+H] + =539. Elemental 
analysis calculated with 1.75 mole of H 2 0 cal. C=43.96%, H=3.91%, N=8.20%, 
found C=44.11%, H=3.49%, N=7.96%. 

EXAMPLE 83 

30 7-Methoxv-2-napthalenesulfonic acid {1-[3-famin oiminomethyl)benzyl]-2-oxo- 
3fSVpvrrolidin-3-vl}-2-cvcloDro pylDhenethvlamide trifluoroacetate. 

A. 2-cyclopropvlDhenethvl bromide. 

To a solution of 1 -phenyl- 1 -cyclopropane methanol (1 g, 6.8 mmol) in 35 mL of 
35 THF is added triphenylphosphine (1.7 g, 7.1 mmol) and carbon tetrabromide 
(2.34 g, 7.1 mmol). The solution is stirred at ambient temperatures for 5 hours. 
After this time, the solution is diluted with 100 mL of EtgO. The reaction mixture 
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is filtered and the collected solution is concentrated. The crude product is 
purified by column chromatography eluting with hexane to afford the title 
compound (1 g, 4.4 mmol) as an oil. 

'H NMR (CDCI 3 , 300 MHz) 8 7.36 (m, 3H), 7.25 (m, 1H), 3.62 (s, 2H), 1.12 (m, 
5 2H), 1.00 (m,2H). 

B. 7-Methoxv-2-napthalenesulfonic acid f1-r 3.cvanobenzvn.2-oxopvrrolidin-3- 
fSVvll 1-2-cvclopro pvtphenethylamide. 

The title compound is prepared as described in EXAMPLE 26, Part A using 7- 
10 methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide, prepared as described in EXAMPLE 43, part A, and 2- 
cydopropylphenethyl bromide. The crude product is purified by column 
chromatography eluting with gradient of 20% EtOAc/hexanes to 40% 
EtOAc/hexanes to afford the title compound as a white foam. 
1 5 1 H NMR (CDCI 3 , 300 MHz) 8 8.29 (s, 1 H), 7.72 (m, 3H), 7.52 (m, 3H), 7.46 (m, 
1H), 7.28 (m, 1H), 7.17 (m, 1H), 7.05 (m, 1H), 4.55 (AB, 1H), 4.32 (m, 2H), 3.95 
(s, 3H), 3.50 (AB, 2H), 3.14 (m, 1H), 3.05 (m, 1H), 2.08 (m, 2H), 0.78 (m, 4H). 

C» 7-Methoxy-2-naPthalenesulfonic acid (1-r3-faminoiminomethvl^hfln7yi]-p- 
20 oxo-3(S)-pyrrolidin-3-vl)U2-fluorobenzyn amide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]}(2-fluorobenzyl)amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
25 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 (bs, 2H), 9.08 (bs, 2H), 8.26 (s, 1H), 7.78 
(m, 2H), 7.62 (m, 1H), 7.53 (m, 4H), 7.44 (m, 1H), 7.30 (dd, 1H), 7.17 (m, 2H), 
7.05 (m, 3H), 4.58 (t, 1H), 4.33 (AB, 2H), 3.90 (s, 3H), 3.78 (m, 1H), 3.42 (m, 
30 1H), 3.08 (m, 2H), 1.95 (m, 1H), 1.78 (m, 1H), 0.88 (m, 1H), 0.71 (m, 3H). FAB 
MS, [M+H] + =583. Elemental analysis calculated with 0. 5 mole of excess TFA 
and 0.5 mmol of H 2 0 cal. C=56.69%, H=4.82%, N=7.35%, found C=56.83%, 
H=4.94%, N=7.46%. 

35 EXAMPLE 84 

3'-Methyl-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethynbenzyl]-2- 
oxopvrrolidin-3(SWI) amide triflu oroacetate. 
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A. 4-f3-Methvlphenyn-bromobenzene. 

The title compound is prepared as described in EXAMPLE 53, Part A 
substituting 3-bromotoluene for 2-bromoanisole. The crude product is purified 
5 by column chromatography eluting with hexanes to afford the title compound 
as a crystalline solid. 

1 H NMR (CDCI 3 , 300 MHz) 6 7.55 (m, 2H), 7.40 (m, 2H), 7.31 (m, 3H), 7.18 (m, 
1H), 2.39 (s, 3H). 

B. 3'-Methvlbiphenvl-4-sulfonyl chloride. 

The title compound is prepared as described in EXAMPLE 53, Part B 
substituting 4-(2-methylphenyl)-bromobenzene for 4-(2-methoxyphenyl)- 
bromobenzene. The title compound is obtained as a white solid. 
El MS, [M] + =266. 

C. S'-MethylbiphenyU-sulfonic acid f1-(3-cyanobenzyn-2- oxopyrrolidin-3-(SV 
vllamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 2'-methyl- 
biphenyl-4-suKonyl chloride in place of 6-methoxynaphthalene-2-sulfonyl 
chloride. The crude product is purified by column chromatography eluting with 
a gradient of 15% EtOAc/CH 2 CI 2 to 20% EtOAc/CH 2 CI 2 to give the title 
compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.98 (m, 2H), 7.70 (m, 2H), 7.58 (m, 1H), 7.40 (m, 
1H), 7.21 (m, 1H), 5.32 (bs, 1H) 4.42 (AB, 2H), 3.78 (t, 3H), 3.18 (m, 2H), 2.60 
(m, 1H), 2.41 (s, 3H), 2.09 (m, 1H). 

D. 3'-Methvl-biphen vl-4-sulfonic acid {1-f3-faminoiminomethvhben2vn»2» 
oxopyrrolidin-3(S)-yl} amide trif luoroacetate. 

30 3'-Methyl-biphenyl-4-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide is converted to the title compound as described in EXAMPLE 24, Part 
C. The crude product is purified by RP-HPLC eluting with a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid. 

35 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.27 (bs, 2H), 9.09 (bs, 2H), 8.18 (d, 1H), 7.86 
(m, 4H), 7.62 (m, 1H), 7.50 (m, 5H), 7.33 (m, 1H), 7.19 (m, 1H), 4.41 (AB, 2H), 
4.11 (m, 1H), 3.10 (m, 2H), 2.32 (s, 3H), 2.04 (m, 1H), 1.58 (m, 1H). FAB MS, 
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[M+H] + =463. Elemental analysis calculated with 2 mmol of H 2 0 cal. C=52.94%, 
H=5.10%, N=9.15%, found C=53.04%, H=4.80%, N=8.93%. 

EXAMPLE 85 

5 3- f{1-f3-fAminoiminomethvnbenzvl)-2>oxopyrrolidin-3(SV3-yl}-(7- 
methoxynaphthalene-2-sulfonvl)amino1acetamide trifluoroacetate. 

A. 3-f{1-f3-Cyanobenzyn-2-oxoDvrrolidin-3-rSVyl)-7-methoxvnaphthalene-2- 
sulfonvlaminol- acetamide. 

10 The title compound is prepared as described in EXAMPLE 67, Part C 
substituting 3-[{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-acetic acid, for 3-[{1-(3-cyanobenzyl)- 

2- oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2-sulfonylamino]-N-propionic 
acid. The title compound (0.39 g, 0.77 mmol) is obtained as a white foam. 

15 1 H NMR (CDCI 3 , 300 MHz) 6 8.38 (s, 1H), 7.88 (m, 2H), 7.77 (m, 2H), 7.53 (m, 
4H), 7.28 (m, 1H), 7.22 (m, 1H), 5.34 (bs, 1H), 4.61 (m, 2H), 4.46 (AB, 1H), 3.93 
(s, 3H), 3.75 (m, 2H), 3.28 (m, 2H), 2.39 (m, 1H), 2.21 (m, 1H). 

B. 3-r{1-f3-(Aminoiminomethvnbenzvl1-2-oxoDvrrolidin-3(SV3-yU-(7- 
20 methoxynaphthalene-2-su lfonynamino]acetamide trifluoroacetate. 

3- [{1-(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]acetamide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 

25 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.29 (bs, 2H), 8.98 (bs, 2H), 8.42 (s, 1H), 8.03 
(d, 1H), 7.97 (d, 1H), 7.78 (d, 1H), 7.65 (m, 1H), 7.55 (m, 5H), 7.31 (dd, 1H), 
7.19 (m, 1H), 4.84 (t, 1H), 4.42 (AB, 2H), 3.89 (s, 3H), 3.52 (m, 1H), 3.41 (m, 
30 2H), 3.15 (m, 1H), 2.26 (m, 1H), 2.00 (m, 1H). FAB MS, [M+H] + =510. 

EXAMPLE 86 

3- f{1-[3-fAminoiminomethynbenzyl)-2-oxoDvrrolidin-3(SV3-vlVf7- 
methoxynaphthalene-2-sulfonv naminoy2-methvlacetamide trifluoroacetate. 

35 

A. 3-[{ 1 -(3-Cyanobenzvn-2-oxopyrrolidin-3-( S Vyl)-7-methoxvnaphthalene-2- 
sulfonvlaminol-N-2 -methvlacetic acid t-butvl ester. 
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The title compound is prepared as described in EXAMPLE 26, Part A 
substituting 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as described in EXAMPLE 43, part A, 
for 6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrroIidin- 
5 3-(S)-yl]amide and a-bromo-t-butyl propionic acid for t-butyl -bromoacetate. 
The crude product is purified by column chromatography eluting with a 
gradient of 20% EtOAc/hexanes to 30% EtOAc/hexanes. The two compounds 
obtained, a higher rf spot (minor) and a lower rf spot (major), are 
enantiomerically pure and are diastereomeric at the carbon of the acetamide. 
10 The absolute stereochemistry is not determined, but each diastereomer is 
treated as below. The compounds are obtained as a white foams, 
lower rf spot (major product) 

1 H NMR (CDCI 3 , 300 MHz) 6 8.48 (s, 1H), 7.95 (dd, 1H), 7.86 (d, 1H), 7.78 (d, 
1H), 7.58 (m, 3H), 7.44 (d, 1H), 7.19 (m, 2H), 4.51 (AB, 2H), 4.30 (t, 1H), 4.05 
15 (m, 1H), 3.93 (s, 3H), 3.36 (m, 1H), 3.18 (m, 1H), 2.64 (m, 1H), 1.33 (d, 3H), 1.29 
(s, 3H). 

higher rf (minor product) 

1 H NMR (CDCI3, 300 MHz) 6 8.60 (s, 1 H), 8.21 (d, 1 H), 7.83 (d. 1 H), 7.79 (d, 
1H), 7.51 (m, 2H), 7.24 (m, 2H), 4.82 (AB, 1H), 4.32 (m, 2H), 4.14 (m, 1H), 3.91 
20 (s, 3H), 3.39 (m, 1H), 3.19 (m, 1H), 2.50 (m. 1H), 1.48 (s, 3H), 1.14 (s, 9H). 

B. 3-[{1-(3-Cyanobenzyn-2-oxopyrrolidin-3-fSVvl}-7-methoxvnaphthalene-2- 
sulfonylamino]-N-2-methylacetic acid. 

The title compound is prepared as described in EXAMPLE 26, Part B, using 3- 
25 [{1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 

sulfonylamino]-N-2-methylacetic acid t-butyl ester as the starting material. 

major product from EXAMPLE 86, Part A 

FAB MS, [M+H] + =508. 

minor product from EXAMPLE 86, Part A 
30 FAB MS, [M+H] + =508. 

C. 3-f{1-(3-Cyanobenzyn-2-oxo pyrrolidin-3-(SVyl}-6-methoxynaDhthalene-2- 
sulfonylamino]-2-methyiacetamide. 

The title compound is prepared as described in EXAMPLE 67, Part C 
35 substituting 3-[{1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-2-methylacetic acid for 3-[{1-(3- 
cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
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sulfonylamhoj-N-propionic acid. The title compound is obtained as a white 
foam. 

major product from EXAMPLE 86, Part B 
FAB MS, [M+H] + =507. 
5 minor product from EXAMPLE 86, Part B 
FAB MS, [M+H] + =507. 

P. 3'f(1-f3-(Aminoiminomethynb enzvll-2-oxopvrrolidin.ars\..?.yl}-(7. 
methoxvnaDhthalene-2-sulfonvl^ami nol-2-methylacetamide trifluoroacetate. 

1 0 3-[{1 -(3-Cyanobenzyl)-2-oxopyrrolidin-3-(S)-yl}-7-methoxynaphthalene-2- 
sulfonylamino]-2-methylacetamide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 

1 5 title compound as a white solid. 

major product from EXAMPLE 86, Part C 

1 H NMR (DMSO-d 6 , 300 MHz) 6 9.21 (bs, 2H), 8.90 (bs, 2H), 8.48 (s, 1H), 7.96 
(m, 3H), 7.55 (m, 5H), 7.30 (m, 1H), 7.18 (m, 1H), 7.00 (m, 1H), 4.58 (m, 2H), 
4.47 (m, 1H), 4.07 (m, 1H), 3.91 (s, 3H), 3.26 (m, 2H), 2.48 (m, 2H), 1.18 (d, 3H). 
20 FAB MS, [M+H] + =524. 

minor product from EXAMPLE 86, Part C 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.21 (bs, 2H), 8.90 (bs, 2H), 8.48 (s, 1H), 8.35 
(m, 1H), 8.05 (m, 1H), 7.90 (m, 3H), 7.72 (m, 4H), 7.36 (dd, 1H), 7.20 (m, 1H), 
4.71 (AB, 1H), 4.46 (m, 2H), 4.05 (m, 1H), 3.85 (s, 3H), 3.40 (m, 2H), 2.52 (m, 
25 1 H), 2.32 (m, 1 H), 1 .21 (d, 3H). FAB MS, [M+H] + =524. 

EXAMPLE 87 

7-Methoxvnaphthalene-2-sulfon ic acid {1-f3-faminoiminomethvhbenzvH-2.oxo- 
azetidin-3(S)-vl)amide trifluoroacetate. 

30 

A. (2-Oxoazetidin-3-(S)-yn-carb amic acid tert-butvl ester. 
To a solution of Boc-L-serine (10.3 g, 50 mmol) in 75 mL of H 2 0:t-BuOH (2:1) is 
added methoxyamine hydrochloride (23 g, 75 mmol) and 1 -(3-dimethyl- 
aminopropyl)-3-ethylcarbodiimide hydrochloride (9.6 g, 50 mmol). After 
35 2 hours, the solution is saturated with NaCI. The solution is extracted with 

EtOAc. The organic layer is dried over MgS0 4 , filtered and concentrated. The 
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resulting crude material is dissolved in 50 mL of pyridine and cooled to 0°C. 
To the solution is added methane sulfonyl chloride (7.44 g, 65 mmol). After 
1 hour, the solution is poured into 100 mL of cold 1 N HCI (aq.). The solution is 
diluted with EtOAc. The layers are separated and the organic layer is washed 
5 with 1 N HCI, saturated NaHC0 3 and saturated NaCI. The organic layer is 
dried over MgS0 4 , filtered and concentrated. The resulting crude material is 
dissolved in 50 mL of acetone and added dropwise to a solution of KgCOa (20.7 
g, 150 mmol) in 900 mL of acetone at reflux. After 1 hour, the solution is cooled 
to ambient temperatures. The solution is filtered through Celite. The collected 

1 0 organic solution is washed with 1 N HCI, saturated NaHC0 3 and saturated 
NaCI. The organic layer is dried over MgS0 4 , filtered and concentrated. The 
resulting solid is dissolved in 20 mL of THF and added dropwise to an 
ammonia solution containing sodium (2.6 g, 1 13 mmol) at -78°C. After the blue 
color has dissipated, the solution is stirred for an additional 10 minutes. To the 

15 reaction mixture is added NH 4 CI (13.4, 250 mmol) and the solution is allowed 
to warm to ambient temperatures. The solution is filtered. The collected 
solution is concentrated. The resulting residue is recrystallized from EtOAc to 
give the title compound (2 g, 1 1 mmol) as a white solid. 
1 H NMR (d 6 -acetone, 300 MHz) 56.96 (bs, 1H), 6.63 (bs, 12H), 4.81 (bs, 1H), 

20 3.40 (m, 1H), 3.21 (m, 1H),1.40 (s, 9H). 

B. f1-(3-CvanobenzylV2-oxoazetidin-3.(SWIJcarbamic acid tert-butvl estQr. 
The title compound is prepared as described in EXAMPLE 23, Part B 
substituting (2-oxoazetidin-3-(S)-yl)-carbamic acid te/t-butyl ester for 

• 25 (2-oxopyrrolidin-3-(S)-yl)-carbamic acid fert-butyl ester. The crude product is 
purified by column chromatography eluting with a gradient of 20% EtOAc/ 
CH 2 CI 2 to 30% EtOAc/CH 2 CI 2 to give the title compound as a white solid. 
*H NMR (CDCI 3 , 300 MHz) 57.59 (m, 2H), 7.41 (m, 2H), 5.18 (bs, 1H), 4.72 (m, 
1H), 4.41 (AB, 2H), 3.41 (m, 1H), 3.23 (m, 1H), 1.41 (s, 9H). 

30 

C. 3-(3-(SVAmino-2-oxoaz etidin-1 -vlmethynbenzonitrile hydrochloride. 
The title compound is prepared as described in EXAMPLE 23, Part C using 
[1-(3-cyanobenzyl)-2-oxoazetidin-3-(S)-yl]carbamic acid ferf-butyl ester as the 
starting material. 

35 El MS, [M] + =187. 
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D, 7-Methoxvnaphthalene-2-sulfonic acid M-f3-cvanobenzyn -2-oxoazetidin-3- 
(g)-y[]amidg f 

The title compound is prepared as in EXAMPLE 24, Part B substituting 
3-(3-(S)-Amino-2-oxo-azetidin-1 -ylmethyl)benzonitrile hydrochloride for 
5 3-(3-(S)-amino-2-oxopyrrolidin-1-ylmethyl)benzonitrile hydrochloride and 
using 7-methoxynaphthalene-2-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography eluting with a gradient of 20% EtOAc/CH 2 CI 2 to 30% 
EtOAc/CH 2 CI 2 to give the title compound as a white solid. 
10 1 H NMR (CDCI 3 , 300 MHz) 8 8.31 (s, 1H), 7.89 (d, 1H), 7.78 (d, 1H), 7.66 (m, 
2H), 7.61 (d, 3H), 7.55 (m, 2H), 7.26 (m, 1H), 5.76 (d, 1H), 5.02 (m, 1H), 3.91 (s, 
3H), 3.42 (m, 1H), 3.15 (dd, 1H). 

E. 7-Methoxvnaphthalene-2-sulfonic acid {1 -f3-fcminoiminomethvnbenzyl]-2- 

15 oxoazetidin>3f$)-yi} amide trifiuoroacetate, 

7-Methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxoazetidin-3-(S)- 
yl]amide is converted to the title compound as described in EXAMPLE 24, Part 
C. The crude product is purified by RP-HPLC eluting with a gradient of 10% 
CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
20 product fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.22 (bs, 2H), 8.90 (bs, 2H), 8.71 (d, 1H), 8.30 
(s, 3H), 8.05 (d, 1H), 7.91 (d, 1H), 7.62 (m, 2H), 7.51 (m, 4H), 7.31 (dd, 1H), 
4.66 (m, 1H), 4.31 (AB, 2H), 3.87 (s, 3H), 3.25 (m, 2H). FAB MS, [M+H] + =439. 

25 EXAMPLE 88 

7-Methoxvnaphthalene»2-sulfonic acid n-f3-(aminoiminomethvnbenzyiy2-oxo- 
azetidin-3(S)-yl}benzylamide trifluproacetate- 

A. 7-Methoxy-2-napthalenesulfonic acid f1-(3-cvanobenzvn-2-oxoazetidin-3- 

30 (S)-yl]-benzylamide. 

The title compound is prepared as described in EXAMPLE 25, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxoazetidin-3-(S)- 
yl]amide, prepared as described in Example 65, part D, and benzyl bromide. 
The crude product is purified by column chromatography eluting with gradient 

35 of 30% EtOAc/hexanes to 40% EtOAc/hexanes to afford the title compound as 
a white foam. 
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'H NMR (CDCI 3 , 300 MHz) 5 8.39 (s, 1H), 7.93 (d, 1H), 7.79 (m, 2H), 7.59 (d, 
1H), 7.44 (m, 2H), 7.29 (m, 9H), 5.08 (m, 1H), 4.29 (m, 4H), 3.89 (s, 3H), 3.23 
(m, 1H),2.87(m, 1H). 

5 B. 7-Methoxv-2-naDth alenesulfonic acid /1-[3-raminoiminomethvhbenzyl1.2. 
oxoazetidin-3(SVvl)benzvlamide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxoazetidin-3-(S)- 
yl]-benzylamide is converted to the title compound as described in EXAMPLE 
24, Part C The crude product is purified by RP-HPLC eluting with a gradient of 
1 0 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % TFA) and the 

appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

'H NMR (DMSO-d 6f 300 MHz) 8 9.27 (bs, 2H), 8.99 (bs, 2H), 8.42 (s, 3H), 8.05 
(d, 1H), 7.95 (d, 1H), 7.73 (d, 1H), 7.66 (d, 1H), 7.53 (m, 3H), 7.42 (m, 1H), 7.23 
15 (m, 6H), 5.30 (m, 1H), 4.35 (AB, 2H), 4.28 (AB, 2H), 3.29 (m, 1H), 2.83 (m, 1H). 
FAB MS, [M+H] + =529. 

EXAMPLE 89 

5.6.7.8-Tetrahvdr onaphthalene-2-sulfonic acid {1-r3-(aminoiminomethvn- 
20 benzvl1-2-oxoDvrrolidin-3fS^-vl)amide trifluoroacetate. 

A. 5.6.7.8-Tetrahydronaphthal ene-2-sulfonic acid M -f 3-cvanobenzvn.2- 
oxopvrrolidin-3-(S>-vlJamide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
25 ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B, substituting 
5,6,7,8-tetrahydronaphthalene-2-sulfonyl chloride for 6-methoxynaphthalene- 
2-sulfonyl chloride. The crude product is purified by column chromatography 
eluting with 70% EtOAc/hexanes afford the title compound as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 6 7.60 (m, 3H), 7.48 (m, 2H), 7.45 (d, 1H), 7.22 (d, 
30 1 H), 5.20 (d, 1 H), 4.46 (AB, 2H), 3.72 (m, 1 H), 3.21 (m, 2H), 2.85 (m, 4H), 2.60 
(m, 1H), 1.82 (m, 4H). 

B. 5.6.7.8-Tetrahydronaphthalene-2-sulfonic acid {1-f3-faminoiminomethvn- 
benzvn-2-oxo-3(S)-pvrrolidin-3-vl}amide trifluoroacetate 

35 5,6,7,8-Tetrahydronaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 

oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
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gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.31 (bs, 2H), 9.10 (bs, 2H), 8.05 (bs. 1H), 7.69 
5 (m, 1H), 7.55 (m, 5H), 7.25 (m, 1H), 4.46 (AB, 2H), 4.08 (m, 1H), 3.12 (m, 2H), 
2.78 (m, 4H), 2.02 (m, 1H), 1.76 (m, 1H), 1.60 (m, 1H). FAB MS, [M+H] + =427. 
Elemental analysis calculated with 1 .375 mmol of H 2 0 cal. C=50.99%, 
H=5.30%, N=9.91%, found C=50.98%, H=4.93%, N=9.62%. 

10 EXAMPLE 90 

7-Methoxv-2-napthalenesulfonic acid (1-r3-faminoiminomethvnbenzvl]-2-oxo- 
3(S)-Dvrrolidin-3-vlH2-methoxvbenzvnamide trifl uoroacetate. 

A. 7-Methoxv-2-napthalenesulfonic acid ri-(3 -cvanobenzvlV2-oxoDvrrolidin-3- 

15 (SWll-te-methoxybenzynamide. 

To a solution of 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.12 g, 0.26 mmol), prepared as described in 
EXAMPLE 43, part A, in 20 mL of acetone is added KaCOg (0.07 g, 0.53 mmol), 
2-methoxybenzyl chloride (0.09 g, 0.28 mmol) and tetrabutylammonium iodide 

20 (0.02 g, 0.05 mmol). The resulting mixture is stirred for 48 hours, then diluted 
with CH 2 CI 2 and washed with saturated NaHC0 3 , H 2 0 and saturated NaCI. 
The organic layer is dried over MgS0 4 , filtered, and concentrated. The crude 
product is purified by column chromatography eluting with 3% MeOH/CH 2 CI 2 to 
afford the title compound as a white foam. 

25 1 H NMR (CDCI 3 , 300 MHz) 5 8.50 (s, 1H), 7.98 (dd, 1H), 7.90 (d, 1H), 7.80 (d, 
1H), 7.55 (m, 2H), 7.45 (m, 3H), 7.20 (m, 3H), 6.90 (m, 1H), 6.75 (d, 1H), 4.63 
(m, 1H), 4.44 (AB, 2H), 4.43 (AB, 2H), 3.90 (s, 3H), 3.71 (s, 3H), 3.09 (m, 2H), 
2.30 (m, 1H),2.10(m, 1H). 

30 B. 7-Methoxy-2-napthalenesulfonic acid {1-[3-teminoiminomethynbenzvp-2- 
oxo-3fSVpyrrolidin-3-yl}-(2-methoxybenzynamide trifluo roacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(2-methoxybenzyl)amide is converted to the title compound as 
described in EXAMPLE 24, Part C, The crude product is purified by RP-HPLC 

35 eluting with a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 
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'H NMR (DMSO-d 6 , 300 MHz) 6 9.30 (bs, 2H), 9.02 (bs, 2H), 8.42 (s, 1H), 8.00 
(d, 1H), 7.95 (d, 1H), 7.83 (dd, 1H), 7.65 (d, 1H) t 7.45 (m, 5H), 7.34 (dd, 1H), 
7.20 (m, 1H), 6.90 (m, 2H), 4.82 (m, 1H), 4.30 (AB, 2H), 3.90 (s, 3H), 3.70 (s, 
3H), 3.15 (m, 1H), 3.05 (m, 1H), 2.206 (m, 1H), 1.70 (m, 1H). FAB MS, 
5 [M+H] + =573. Elemental analysis calculated with 1.5 mmol of H 2 0 cal. 
C=54.91%, H=4.54%, N=7.53%, found C=54.97%, H=4.63%, N=7.49%. 

EXAMPLE 91 

7-Methoxv-2-napthalenesulfonic acid (1-f3-(aminoiminomethvflbenzyr)-2-oxo- 
10 3(S)-Dvrrolidin»3-vll-f3-methoxvbenzvnamide trifluoroacetate. 

A. 7-Methoxv-2-napthalenesulfonic acid M-(3-cvanobenzvn-2-oxopvrrolidin-3- 
(SWn-(3-methoxvbenzynamide. 

The title compound is prepared as described in EXAMPLE 68, Part A using 7- 
15 methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 

yljamide, prepared as described in EXAMPLE 43, part A, and 3-methoxybenzyl 

bromide. The crude product is purified by column chromatography eluting with 

50% EtOAc/hexanes to afford the title compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.43 (s, 1H), 7.91 (m, 2H), 7.75 (d, 1H), 7.40 (m, 
20 4H), 7.20 (m, 2H), 7.13 (m, 1H), 6.92 (bs, 1H), 6.82 (d, 1H), 6.70(d, 1H), 4.60 

(m, 1H), 4.45 (AB, 2H), 4.40 (AB, 2H), 3.90 (s, 3H), 3.65 (s, 3H), 3.00 (m, 2H), 

2.28 (m, 1H), 2.00 (m, 1H). 

B. 7-Methoxy-2-napthalenesulfonic acid f1-r3-faminoiminomethvnbenzvl1-2- 
25 oxo-3fSVpvrrolidin-3-vl)-f3-methoxvbenzvnamide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(3-methoxybenzyl)amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
30 (0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

'H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.10 (bs, 2H), 8.45 (s, 1H), 8.05 
(d, 1H), 7.95 (d, 1H), 7.85 (d, 1H), 7.67 (d, 1H), 7.52 (m, 4H), 7.40 (dd, 1H), 7.19 
(m, 1H), 6.90 (m, 2H), 6.78 (dd, 1H), 4.75 (m, 1H), 4.35 (m, 4H), 3.90 (s, 3H), 
35 3.62 (s, 3H), 3.12 (m, 1H), 3.00 (m, 1H), 2.19 (m, 1H), 1.78 (m, 1H). FAB MS, 
[M+H] + =573. Elemental analysis calculated with 0.675 mmol of H 2 0 cal. 
C=56.72%, H=4.95%, N=8.02%, found C=56.72%, H=5.08%, N=7.95%. 
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EXAMPLE 92 

7-Methoxy-2-napthalenesurfonic acid {1 -[3- (aminoiminomethynbenzyl]-2-oxo- 
3(SVpvrrolidin-3-vl}-f4-methoxvbe nzynamide trifluoroacetate. 

5 

A. 7-Methoxy-2-napthalenesulfonic acid f1-(3-cvanobenzvlV2-oxopvrrolidin-3- 
(SVyl]-(4-methoxybenzyflamide. 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanoben: - !)-2-oxopyrrolidin-3-(S)- 

10 yl]amide, prepared as described in EXAMPLE 43, pa A, and 4-methoxybenzyl 
chloride. The crude product is purified by column chromatography eluting with 
50% EtOAc/hexanes to afford the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 5 8.38 (s, 1H), 7.90 (m, 2H), 7.80 (d, 1H), 7.50 (m, 
1 H), 7.40 (m, 2H), 7.27 (m, 1 H), 6.70 (d, 2H), 6.60 (d, 2H), 4.50 (m, 1 H), 4.45 

1 5 (AB, 2H), 4.40 (AB, 2H), 3.90 (s, 3H), 3.65 (s, 3H), 3.00 (m, 2H), 2.30 (m. 1 H), 
2.00 (m, 1H). 

B. 7-Methoxy-2-naDt halenesulfonic acid (1-r3-(aminoiminomethvl)benzvl1-2- 
oxo-3fS^pvrrolidin.3-vl}-f4-meth oxybQnzynamide trifluoroacetate. 

20 7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(4-methoxybenzyl)amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H z O 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 

25 title compound as a white solid. 

'H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.05 (bs, 2H), 8.33 (s, 1 H), 8.02 
(d, 1H), 7.95 (d, 1H), 7.80 (dd, 1H), 7.70 (d, 1H), 7.55 (m, 4H), 7.35 (dd, 1H), 
7.20 (d, 2H), 6.80 (d, 2H), 4.70 (m, 1H), 4.35 (AB, 2H), 3.85 (s, 3H), 3.70 (s, 3H), 
3.10 (m, 1H), 2.95 (m, 1H), 2.10 (m, 1H), 1.70 (m, 1H). FAB MS, [M+H] + =573. 

30 Elemental analysis calculated with 0.5 mmol of excess TFA cal. C=54.91%, 
H=4.54%, N=7.53%, found C=55.04%, H=4.39%, N=7.64%. 

EXAMPLE 93 

7.Methoxy-2-naDthalenesurfonic acid (1-f3-fa minoiminomethvnbenzvn»2-oxo- 
35 3rsVpyrrolidin-3-yl)fpvrid in-2-ylmethynamide trifluoroacetate. 
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A. 7-Methoxv-2-napthalenes ulfonic acid f1-(3-cyanobenzyn-2-oxopyrrolidin-3- 
{ SYy\)i pvridin-2-vlmethvham ide. 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
5 yl]amide, prepared as described in EXAMPLE 43, part A, and pyridin-2-yl- 
methyl chloride. The crude product is purified by column chromatography 
eluting with 2% MeOH/CH 2 CI 2 to afford the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.45 (s, 1H), 7.91 (s, 1H), 7.80 (d, 1H), 7.50 (m, 
4H), 7.20 (m, 7H), 4.70 (m, 1H), 4.50 (m, 4H), 3.91 (s, 3H), 3.10 (m, 2H), 2.25 
10 (m, 1H),2.00(m, 1H). 

B. 7-Methoxv-2-naDthalenesulfonic acid {1-f3- faminoiminomethvhbenzyn-2- 
oxo-3fS)-Pvrrolidin-3-vl)fDvridin-2-vlmethvl)amide trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 

15 (S)-yl](pyridin-2-ylmethyl)amide is converted to the title compound as 

described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

20 1 H NMR (CDCI 3 , 300 MHz) 58.50 (s, 1H), 8.15 (d, 1H), 7.90 (s, 2H), 7.80 (m, 
2H), 7.70 (m, 2H), 7.45 (m, 2H), 7.25 (m, 3H), 7.15 (m, 1H), 5.10 (m, 1H), 4.55 
(AB, 2H), 4.30 (AB, 2H), 3.91 (s, 3H), 3.10 (m, 1H), 2.95 (m, 1H), 2.25 (m, 1H), 
1.95 (m, 1H, 1.90 (bs, 4H). FAB MS, [M+H] + =544. Elemental analysis 
calculated with 0.35 mmol of H 2 0 cal. C=56.08%, H=4.66%, N=10.55%, found 

25 C=56.07%, H=5.23%, N=10.50%. 

EXAMPLE 94 

7-Methoxy-2-napthalenesulfonic acid {1-f3-(aminoiminomethynbenzyl]-2-oxo- 
3fS)-pyrrolidin-3-vl}fpyridin-3-vlmethynamide trifluoroacetate. 

30 

A. 7-Methoxy-2-napthalenesulfonic acid n-(3-cvanobenzvn-2-oxoDyrrolidin-3- 
(Sl-ylHpyridin-3-vl-methvltemide. 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
35 yljamide, prepared as described in EXAMPLE 43, part A, and pyridin-3-yl- 
methyl bromide. The crude product is purified by column chromatography 
eluting with 5% MeOH/CH 2 CI 2 to afford the title compound as a white foam. 
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1 H NMR (CDCI3, 300 MHz) 8 8.50 (m, 1H), 8.40 (m, 1H), 7.90 (m, 3H), 7.82 (d, 
1H), 7.60 (m, 1H), 7.48 (dd, 1H), 7.45 (s, 1H), 7.23 (m, 5H), 4.60 (m, 1H), 4.50 
(AB, 2H), 4.45 (AB, 2H), 3.91 (s, 3H), 3.10 (m, 2H), 2.30 (m, 1H), 1.97 (m, 1H). 

5 B. 7-Methoxv-2-napthalenesulfonic acid {1-f3-feminoiminomethvnbenzvl)-2- 
oxo-3(SWpvrrolidin-3-vlKpvridin-3-vlmethynami de trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl](pyridin-3-ylmethyl)amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
1 0 eluting with a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.00 (bs, 2H), 8,75 (s, 1H), 8.60 
(m, 1H>, 8.48 (s, 1H), 8.15 (d, 1H), 8.05 (d, 1H), 8.00 (d, 1H), 7.82 (dd, 1H), 7.65 
15 (d, 1 H), 7.55 (m, 5H), 7.38 (dd, 1 H), 7.20 (m, 1H), 4.95 (m, 1 H), 4.50 (s, 2H), 
4.40 (AB, 2H), 3.90 (s, 3H), 3.10 (m, 2H), 2.10 (m, 1H), 1.75 (m, 1H). FAB MS, 
[M+H] + =544. 

EXAMPLE 95 

20 7-Methoxv-2-napthalenesulfonic acid f1-r3-(aminoiminomethynben zvn-2-oxo- 
3(SVpvrrolidin-3.vl>-fDvridin-4-vl-methvnami de trifluoroacetate. 

A. 7-Methoxv-2-napthalenesulfonic acid H-i3-cvanobenzvn-2-oxopvrrolidin-3- 
(SWI^pvridin-4-vlmethvnamide. 

25 The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide, prepared as described in EXAMPLE 43, part A, and pyridin-4-yl- 
methyl chloride. The crude product is purified by column chromatography 
eluting with 2% MeOH/CH 2 CI 2 to afford the title compound as a white foam. 

30 1 H NMR (CDCI3, 300 MHz) 8 8.52 (d, 2H), 8.40 (s, 1 H), 7.90 (m, 2H), 7.80 (d, 
1H), 7.60 (m, 1H), 7.48 (d, 1H), 7.40 (d, 1H), 7.30 (m, 5H), 4.60 (m, 1H), 4.45 
(m, 4H), 3.95 (s, 3H), 3.10 (m, 2H), 2.30 (m, 1H), 1.97 (m, 1H). 

B. 7-Methoxv-2-napthalenesulfonic acid (1-r3-(aminoiminomethvnbenzvH-2- 
35 oxo-3tSVpvrrolidin-4-yl}(pvridin-4-vlm ethvnamide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(pyridin-4-yl-methyl)amide is converted to the title compound as 
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described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 
5 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.25 (bs, 2H), 9.10 (bs, 2H), 8.70 (d, 1H), 8.45 
(s, 1H), 8.08 (d, 1H), 8.00 (d, 1H), 7.95 (d, 2H), 7.80 (dd, 1H), 7.65 (m, 1H), 7.53 
(m, 4H), 7.40 (dd, 1H), 4.97 (m, 1H), 4.60 (AB, 2H), 4.38 (AB, 2H), 3.98 (s, 3H), 
3.10 (m, 2H), 2.10 (m, 1H), 1.70 (m, 1H). FAB MS, [M+H] + =544. Elemental 
analysis calculated with 1 .275 mmol of H 2 0 cal. C=46.26%, H=3.83%, 
10 N=7.71%, found C=46.27%, H=3.93%, N=7.61%. 

EXAMPLE 96 

7-Methoxv-2-napthalenesulfonic acid f1-r3-ram inoiminomethynbenzviy2-oxo. 
3 (S)-PVrrolidin-3-vlV(1-benzvl-1H-imidazol-2-vlmethvnamide triflimrnangtatP 

15 

A- 7-Methoxy-2- n a Pthalenesulfonic acid ri-(3-cvanobenzvh-2-oxo P yrroliriin-3- 
(SWIl-(1-benzvl-1H-imidazol-2.vlm ethvhamide. 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
20 yl]amide, prepared as described in EXAMPLE 43, part A, and 1-benzyl-1H- 
imidazol-2-ylmethyl chloride. The crude product is purified by column 
chromatography eluting with 2% MeOH/CH 2 CI 2 to afford the title compound as 
a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 5 7.88 (s, 1 H), 7.77 (d, 1 H), 7.65 (dd, 2H), 7.50 (s, 
25 1H), 7.40 (m, 2H), 7.28 (m, 1H), 7.19 (m, 4H), 7.10 (d, 1H), 7.00 (dd, 2H), 6.82 
(s, 1H), 5.20 (AB, 2H), 4.70 (m, 1H), 4.55 (AB, 2H), 4.20 (AB, 2H), 3.75 (s, 3H), 
2.95 (m, 1H), 1.90 (m, 1H). 

B. 7-Methoxy-2-napthalenesulfonic acid (1- f3-(aminoiminomethvnbenzyl]-2- 
30 oxo-3fSVDvrrolidin-4-vll-n-benzyl-1H-i midazol-2-ylmethynamide 
trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(1-benzyl-1H-imidazol-2-ylmethyl)amide is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 
35 by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.10 (cs. 2H), 8.30 (s, 1H), 8.05 
(d, 1H), 8.00 (d, 1H), 7.65 (m, 14H), 5.50 (s, 2H), 5.10 (m, 1H), 4.75 (AB, 2H), 
4.45 (AB, 2H), 3.95 (s, 3H), 3.10 (m, 2H), 2.05 (m, 1H), 1.80 (m, 1H). FAB MS, 
[M+H] + =623. Elemental analysis calculated with 2.5 mmol of H 2 0 cal. 
5 C=50.11%, H=4.26%, N=8.99%, found C=50.34%, H=4.08%, N=8.60%. 

EXAMPLE 97 

H-Methvl-1H-imidazol-2-vl)benzene-4-sulfonic acid (1-f3- 
faminoiminomethvnbenzvn-2-oxoDvrrolidin-3fS Vvl>amide trifluoroacetate. 

10 

A. 4-(1-Methyl-1H-imidazol-2-ynbromobenzene. 

The title compound is prepared as described in EXAMPLE 53, Part A 
substituting 1 -methyl- 1H-imidazole for 2-bromoanisole. The crude product is 
purified by column chromatography eluting with 5% MeOH/CH 2 CI 2 to afford the 
1 5 title compound as a white foam. 
El MS, [M]*=237. 

B. M-Methvl-1H-imidazol-2-vnbenzene-4-sulfonvl chloride. 

The title compound is prepared as described in EXAMPLE 53, Part B using 4- 
20 (1-methyl-1H-imidazol-2-yl)bromobenzene as the starting material. 
El MS, [M] + =256. 

C. n-Methvl-1H-imidazol-2-vnbenzene-4-sulfonic acid f1-(3-cvanobenzvlV2- 
QXQpyrrQ|tdin-3-(S)-yi]amide- 

25 The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 

ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using (1-methyl- 
1 H-imidazol-2-yl)benzene-4-sulfonyl chloride in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography eluting with 5% MeOH/CH 2 CI 2 to give the title 

30 compound as a white foam. 

1 H NMR (CDCIg, 300 MHz) 8 7.60 (m, 3H), 7.45 (m, 5H), 7.15 (s, 1H), 6.98 (s, 
1H), 4.48 (AB, 2H), 3.95 (s, 3H), 3.75 (m, 1H), 3.20 (m, 2H), 2.60 (m, 1H), 2.00 
(m, 1H). 

35 D. M-Methvl-1H-imidazol-2-yflbenzene-4-sulfonic acid {1-f3- 

faminoiminomethvnbenzviy2-o xopvrrolidin-3fSVvllamide trifluoroacetate. 
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(1-Methyl-1 H-imidazol-2-yl)benzene-4-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% TFA) and 
5 the appropriate product fractions are lyophiiized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 8.89 (bs, 2H), 8.70 (d, 1H), 7.90 
(m, 1H), 7.69 (m, 4H), 7.55 (m, 5H), 4.45 (s, 2H), 4.10 (m, 1H), 3.90 (s, 3H), 3.20 
(m, 2H), 2.20 (m, 1H), 1.80 (m, 1H). FAB MS, [M+H] + =453. Elemental analysis 
1 0 calculated with 0.8 mmol of H 2 0 cal. C=44.93%, H=4.00%, N=1 2.09%, found 
C=45.02%, H=4.04%, N=11.79%. 

EXAMPLE 98 

7-Methoxv-2-napthalehesulfonic acid {1-f3-(a minoiminomethvnbenzyl1-2.oxo- 
15 3rS)-pyrrolidin-3-vlH3-hvdroxvbenzyna mide trifluoroacetate. 

A. 3-rr 1 . 1 -DimethvlethvndimethvlsilvHoxytoluene 

To a solution of 3-hydroxytoluene (2 g, 8.5 mmol) in 20 mL of CH 2 CI 2 is added 
DBU (3.32 mL, 22.2 mmol) and 1,1-dimethylethyl)dimethylsilyl chloride (3.07 g, 

20 20.34 mmol). After 1.5 hours, the solution is diluted with EtOAc. The organic 
solution is washed with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The organic 
layer is dried over MgS0 4 , filtered, and concentrated. The crude product is 
purified by column chromatography eluting with 5% EtOAc/hexanes to afford 
the title compound (4.1 g, 18.5 mmol) as an oil. 

25 1 H NMR (CDCI 3 , 300 MHz) 8 7.10 (dd, 1 H), 6.70 (d, 1 H), 6.65 (s, 1 H), 6.63 (d, 
1H), 2.30 (s, 3H), 1.00 (s, 9H), 0.20 (s, 6H). 

B. a-Bromo-m-3-r(1 .l-dimethvlethyndimethvlsilvlloxytoluene 

To a solution of 3-[(1,1-dimethylethyl)dimethylsilyl]oxytoluene (1 g, 4.5 mmol) in 
30 40 mL of CCI 4 is added N-bromo succinimide (0.92 g, 5.17 mmol) and benzoyl 
peroxide (0.16 g, 0.45 mmol). The solution is heated to reflux. After 
1 6 hours, the solution is diluted with EtOAc. The organic solution is washed 
with 1 N HCI, 10% Na 2 C0 3 and saturated NaCI. The organic layer is dried over 
MgS0 4 , filtered, and concentrated. The title compound (1 .33 g, 4.4 mmol) is 
35 obtained as an oil. 
El MS, [M] + =301. 
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C. 7-Methoxv-2-napthalenesulfonic acid ri-to-cyanobenzvlV2-oxopyrrolidin-3- 
(S)-yll-f3-hvdroxybenzyhamide. 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
5 yljamide, prepared as described in EXAMPLE 43, part A, and a-bromo-m-3- 
[(1,1-dimethylethyl)dimethylsilyl]oxytoluene. The crude product is purified by 
column chromatography eluting with 45% EtOAc/hexanes to afford the title 
compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.45 (s, 1H), 7.90 (s, 1H), 7.80 (m, 1H), 7.58 (m, 
10 3H), 7.45 (m, 3H), 7.15 (m, 1H), 6.90 (m, 1H), 6.72 (dd, 1H), 5.60 (bs, 1H), 4.65 
(m, 1H), 4.62 (AB, 2H), 4.30 (s, 2H), 3.90 (s, 3H), 3.05 (m, 2H), 2.30 (m, 1 H), 
2.00 (m,1H). 

D. 7-Methoxv-2-napthalenesulf onic acid {1-[3-(aminoiminomethynbenzvl1-2- 
15 oxo-3fS^pvrrolidin-3-vlH3-hydroxybenzyltemide trifluoroacetate. 

7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(3-hydroxy-benzyl)amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 
20 (0.1% TFA) and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.00 (bs, 2H), 8.45 (s, 1H), 8.00 
(d, 1H), 7.95 (d, 1H), 7.85 (dd, 1H), 7.65 (d, 1H), 7.50 (m, 4H), 7.35 (dd, 1H), 
7.02 (m, 1H), 6.80 (bs, 1H), 6.65 (m, 2H), 4.75 (m, 1H), 4.37 (AB, 2H), 4.30 (AB, 
25 2H), 3.90 (s, 3H), 3.15 (m, 1H), 2.95 (m, 1H), 2.10 (m, 1H), 1.70 (m, 1H). FAB 
MS, [M+H] + =559. Elemental analysis calculated with 0.5 mmol of excess TFA 
cal. C=54.32%, H=4.35%, N=7.68%, found C=54.53%, H=4.56%, N=7.82%. 

EXAMPLE 99 

30 7-Methoxv-2-napthalenesulfonic acid {1-[3-famin oiminomethvnbenzvll-2-oxo- 
3^-pyrrolidin-3-vlM2-hvdroxybenzynam ide trifluoroacetate. 

A. 2.[M .1-Dimethylethyndimet hylsilyr|oxvtoluene. 
The title compound is prepared as in EXAMPLE 76, Part A substituting 2- 
35 hydroxytoluene for 3-hydroxytoluene. The crude product is purified by column 
chromatography eluting with 10% EtOAc/hexanes to afford the title compound 
as an oil. 
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'H NMR (CDCI 3 , 300 MHz) 8 7.14 (d, 1H), 7.08 (m, 1H), 6.85 (m, 1H), 6.75 (d, 
1H), 2.20 (s, 3H), 1.00 (s, 9H), 0.20 (s, 6H). 

B. a-Bromo-m-2-K 1 , 1 -dimethvlethyndimethvlsil vlloxytoluene. 

5 The title compound is prepared as in EXAMPLE 98, Part B substituting 2-[(1 ,1 - 
dimethylethyl)dimethylsilyl]oxytoluene for 3-[(1,1- 
dimethylethyl)dimethylsilyl]oxytoluene. The crude product is purified by 
column chromatography eluting with 5% EtOAc/hexanes to afford the title 
compound as an oil. 

10 'H NMR (CDCI 3 , 300 MHz) 5 7.30 (dd, 1 H), 7. 1 9 (m, 1 H), 6.90 (m, 1 H), 6.80 (d, 
1H), 4.50 (s, 2H), 1.05 (s, 9H), 0.30 (s, 6H). 

C. 7-Methoxv-2-n apthatenesulfonic acid f1-(3-cvanobenzvlV2-oxopvrrolidin-3- 
(S WIM2-H 1 . 1 -dimethvlethvndimethvlsilvlloxvb enzvhamidQ. 

15 To a solution of 7-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.20 g, 0.46 mmol), prepared as described in 
EXAMPLE 43, part A, in 20 mL of acetone is added o>bromo-m-2-[(1 ,1- 
dimethylethyl)dimethylsilyl]oxytoluene (0.145 g, 0.48 mmol) and KjCOg (0.13 g, 
0.92 mmol). The crude product is purified by column chromatography eluting 

20 with a gradient of 40% EtOAc/hexanes to 80% EtOAc/hexanes afford the title 
compound (0.20 g, 0.37 mmol) as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.80 (m, 3H), 7.45 (m, 4H), 7.20 (m, 1H), 7.10 (m, 
1H), 6.95 (m, 1H), 6.70 (m, 1H), 6.50 (d, 1H), 4.90 (m, 1H), 4.40 (m, 4H), 3.90 (s, 
3H), 3.10 (m, 2H), 2.30 (m, 1H), 2.00 (m, 1H). 

25 

D. 7-MethQxy-2-napthalene?glfpnic acid {1-[3-(aminoiminpmethyl)benzyl]-2- 
oxo-3fSVDvrrolidin-3-vn-f2-hvdroxvbenzvhamide trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-(2-[(1,1-dimethylethyl)dimethylsilyl]oxybenzyl)amide is converted to the 

30 title compound as described in EXAMPLE 24, Part C. The crude product is 
purified by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
'H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 8.95 (bs, 2H), 8.45 (s, 1H), 8.05 

35 (d, 1 H), 7.95 (d, 1 H), 7.85 (dd, 1 H), 7.68 (dd, 1 H), 7.55 (m, 4H), 7.38 (m, 2H), 
7.05 (m, 2H), 6.75 (m, 2H), 4.80 (m, 1H), 4.35 (bs, 2H), 4.30 (AB, 2H), 3.90 (s, 
3H), 3.15 (m, 1H), 3.00 (m, 1H), 2.20 (m, 1H), 1.95 (m, 1H). FAB MS, 
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[M+H]*=559. Elemental analysis calculated with 0.5 mmol of excess TFA cal. 
C=53.66%, H=4.43%, N=7.53%, found C=53.94%, H=4.43%, N=7.59%. 

EXAMPLE 100 

5 7-Methoxv-2-napthalenesulfonic acid {1-f3-faminoiminomethynbenzyl]-2-oxo- 
3fSVpyrr6lidin-3-vl)(pvrazol-3-vlmethyhamide trifluoroacetate. 

A. N-t-Butyloxycarbonylpyrazol-3-ylmethyl bromide. 

3-Methylpyrazole (2.04 g, 2.49 mmol) is dissolved in 25 mL acetonitrile under 

10 nitrogen, cooled in a ice bath, and treated with BOC anhydride (6.5 g, 2.98 
mmol) followed by DMAP (0.303 g, 2.48 mmol). The reaction is warmed to 
room temperature over about two hours and diluted with ethyl acetate. The 
organic solution is washed with 1 N HCI, saturated NaHC0 3 and saturated 
NaCI soJution dried over Na 2 S0 4 , filtered, and concentrated to obtain N-t- 

15 butyloxycarbonyl-3-methylpyrazole (2.5 g, 13.7 mmol), El MS, [M]*= 182. A 
portion of this material (1 g, 5.8 mmol) is dissolved in CCI 4 (20 mL), treated with 
N-bromosuccinimide (1.47 g, 8.26 mmol) and benzoyl peroxide (0.2 g, 0.83 
mmol) and heated to reflux. After 4 hours, the solution is diluted with EtOAc 
washed with saturated NaHC0 3 , dried over Na 2 S0 4 and concentrated. The 

20 residue is chromatographed with 10 % EtOAc/hexane to yield the title 
compound (0.74 g, 2.85 mmol), El MS, [M] + =259/261 . 

B 7-Methoxy-2-nao thalenesulfonic acid {1-[3-cyanobenzvl)-2-oxo-3(SV 
pyrrolidin-3-yl}-(N-t -butyloxycarbonvlDvrazol-3-vlmethvnamide. 

25 A solution of 6-methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2- 

oxopyrrolidin-3-(S)-yl]amide (0.30 g, 0.69 mmol) in refluxing acetone (25 mL) is 
treated with N-t-butyloxycarbonyl-pyrazol-3-ylmethyl bromide (0.28 g, 1.07 
mmol) as described in EXAMPLE 90, Part A. Chromatographic purification 
(50% EtOAc/hexane to 60% EtOAc/hexane) yielded the title compound as a 

30 white solid (0.37 g, 0.6 mmol). 

1 H NMR (CDCI 3 , 300 MHz) 5 8.50 (s, 1H), 7.90-8.02 (m, 3H), 7.79 (d, 1H), 7.46- 
1.60 (m, 4H), 7.30 (dd, 1H), 7.27 (s, 1H), 6.50 (d, 1H), 4.62 (t, 1H), 4.47 (AB, 
2H), 4.45 (AB, 2H), 3.94 (s, 3H), 3.24 (m, 1H), 3.14 (m, 1H), 2.26 (m, 2H), 1.63 
(s, 9H). FAB MS [M+H] + =616. 

35 

C. 7-Methoxv-2-napthalenesulfonic acid { 1-r3-(aminoiminomethynbenzvp-2- 
oxo.3fSl-pyrrolidin-3-yMovrazo t-3-vlmethvnamide trifluoroacetate. 
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7-Methoxy-2-napthalenesulfonic acid {1-[3-cyanobenzyl]-2-oxo-3(S)-pyrrolidin- 
3-yl}(pyrazol-3-ylmethyl)amide(0.37 g, 0.6 mmol) is converted to the title 
compound as described in EXAMPLE 32, Part C. The crude product is 
converted to the hydrochloride salt with methanolic HCI then purified by RP- 
5 HPLC eluting with a gradient of 5% CH 3 CN/H 2 0 to 50% CH 3 CN/H 2 0; the 

appropriate product fractions are lyophilized to provide the title compound as a 
white solid (0.045 g, 0.08 mmol). 

1 H NMR (DMSO-d 6 , 300 MHz) 6 9.35 (bs, 2H), 9.07 (bs, 2H), 8.46 (s, 1H), 8.03 
(d, 1H), 7.98 (d, 1H), 7.72 (d, 1H), 7.58 (d, 1H), 7.55-7.64 (m, 5H), 7.36 (dd, 1H), 
10 6.12 (s, 1H), 4.80 (t, 1H), 4.40 (two AB, 4H), 3.90 (s, 3H), 3.14 (m, 1H), 3.03 (m, 
1H), 2.12 (m, 1H), 1.69 (m, 1H). FAB MS, [M+H] + =533. Elemental analysis 
calculated with 1.6 mmol of H 2 0: C=54.24%, H=5.43%, N=14.06%, found 
C=54.22%, H=5.19%, N=13.74%. 

15 EXAMPLE 101 

Quinoline-6-sulfonic acid {1-f3-taminoiminomethvnbenzviy2-oxoDyrrolidin-3- 

(S)-yi}amide trifiuoroacetate, 

A. Quinoline-6-sulfonyl chloride 
20 The title compound is prepared from 6-bromoquinoline as described in 
EXAMPLE 53, Part B. The solid product is collected, washed with copious 
amounts of hexane and ether and used without further purification. 
El MS, [M] + =227. 

25 B. Quinoline-6-sulfonic acid {1-[3-cyanobenzvl]-2-oxopyrrolidin-3-(SVyl)amide 
3-(3-(S)-Amino-2-oxopyrrolidin-1-ylmethyl)benzonitrile hydrochloride (0.32 g, 
1.26 mmol) is suspended in 15 mL of CH 3 CN. To the solution is added 
triethylamine (0.384 g, 3.78 mmol) followed by quinoline-6-sulfonyl chloride 
(0.25 g, 0.99 mmol). After stirring for 1.5 hours, the solution is diluted with 

30 EtOAc and washed with 0.1 N aqueous HCI, water and saturated NaCI 

solution. The organic layer is dried over Na 2 S0 4 , filtered and concentrated. 
The crude residue is purified by column chromatography (4% MeOH/CH 2 CI 2 ) to 
afford the title compound (0.146 g, 0.36 mmol) and as a solid. 
1 H NMR (CDCI 3 , 300 MHz) 6 9.04 (d, 1H), 8.53 (s, 1H), 8.30 (d, 1H), 8.24 (m, 

35 2H), 7.48-7.55 (m, 5H), 6.46 (brs, 1 H), 5.29 (s, 1 H), 4.45 (AB, 2H), 3.98 (t, 1 H), 
3.75 (m, 1H), 3.20 (m, 2H), 2.56 (m, 1H), 2.06 (m, 1H). FAB MS, [M+H] + =407. 
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A minor component is also isolated: 2-n-Butylquinoline-6-sulfonic acid (1-[3- 
cyanobenzyl]-2-oxopyrrolidin-3-(S)-yl}amide (0.056 r 0.12 mmol); FAB MS, 
[M=H] + =463. 

5 C. Quinoline-6-sulfonic acid {1-f3-faminoiminomethvhbenzvl]-2-oxoDvrrolidin- 

3- (S)-vllamide trifluoroacetate. 

Quinoline-6-sulfonic acid {1-[3-cyanobenzyl]-2-oxopyrrolidin-3-(S)-yl}amide 
(0.146 g, 0.36 mmoi) is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
10 gradient of H 2 0 (0.1% TFA) to 100% CH 3 CN/H 2 0 (0.1% TFA) over 35 minutes 
and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid (0.050 g, 0.077 mmol) as well as unreacted starting 
material (0.10 g, 0.25 mmol). 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.30 (bs, 2H), 9.05-9.10 (m, 3H), 8.61 (d, 1 H), 
15 8.58 (S, 1H), 8.40 (d, 1H), 8.16 (AB, 2H), 7.65-7.72 (m, 2H), 7.50-7.60 (m, 3H), 
4.42 (AB, 2H), 4.20 (q, 1H), 3.09 (m, 2H), 2.03 (m, 1H), 1.60 (m, 1H). Ion Spray 
MS, [M+H] + =424. Elemental analysis calculated with 2 mole of H 2 0: 
C=43.67%, H=3.96%, N=10.19%; found C=43.87%, H=3.63%, N=10.08%. 

20 EXAMPLE 102 

4- Pvridin-4-vlbenzene sulfonic acid {H3-ra minoiminomethvnbenzyl]-2- 
oxopvrrolidin-3(SVvl)amide bistrifluoroacetate. 

A. 4-(Pyridin-4-yn-bromobenzene 

25 4-Bromopyridine hydrochloride is free based with saturated NaHC0 3 solution 
and extracted into methylene chloride. The organic solution is concentrated at 
room temperature and used immediately without further purification. A portion 
of the solid obtained (3 g, 19 mmol) is treated as described in EXAMPLE 53, 
Part A with n-butyl lithium (14.25 mL of a 1.6 M solution in THF, 22.8 mmol) and 

30 iodobromobenzene (5.39 g, 19 mmol). The crude product is purified by 

chromatography (30% EtOAc/hexanes to 60% EtOAc/hexanes) to obtain the 
title compound (2.59g, 11.06 mmol). 
El MS, [M] + =233/235. 



35 



B. 4-Pyridin-4-ylbenzene sulfonyl chloride. 

The title compound is prepared from 4-(pyridin-4-yl)-bromobenzene as 
described in EXAMPLE 53, Part B, except that 2 equivalents of t-butyl lithium is 
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used to generate the starting anion. The crude solid product is purified by 
washing with copious amounts of hexane and ether. El MS, [M] + =253 and is 
used without further purification. 

5 C. 4-Pvridin-4-ylbenzene sulfonic acid f1-(3-cyanobenzyn-2-oxopyrrolidin-3- 

(S)-yi]amide, 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride (0.2 g, 0.79 mmol) as in EXAMPLE 24, Part 
B using 4-pyridin-4-ylbenzene sulfonyl chloride (0.50 g, 1 .98 mmol) in place of 
1 0 6-methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
chromatography (2.5 to 5 % MeOH/CH 2 CI 2 ) to obtain a white solid (0.25 g, 0.58 
mmol). 

'H NMR (CDCI 3 , 300 MHz) 8 8.78 (m, 2H), 8.1 1 (d, 2H), 7.66 (m, 2H), 7.47-7.58 
(m, 5H), 5.48 (s, 1H), 4.50 (AB, 2H), 3.88 (t, 1H), 3.29 (dd, 2H), 2.58 (m, 1H), 
15 2.17 (m, 1 H). FAB MS, [M+H] + =433. 

D. 4-Pyridin-4-ylbenzene sulfonic acid {1-[3-(aminpiminpmethyl)benzyl]-2- 
oxopvrrolidin-3(SVvl}amide bistrifluoroacetate. 

4-Pyridin-4-ylbenzene sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
20 yl]amide (0.14 g, 0.32 mmol) is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 5% CH 3 CN/H 2 0 (0.1% TFA) to 40% CH 3 CN/H 2 0 (0.1% TFA) and the 
appropriate product fractions are lyophilized to provide the title compound as a 
white solid (0.132 g, 0.19 mmol). 
25 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.28 bs, 2H), 9. 1 3 (bs, 2H), 8.80(bs, 1 H), 8.33 
(m, 1H), 7.97 (m, 5H), 7.62 (m, 1H), 7.51 (m, 3H), 4.40 (m, 2H), 4.15 (m, 1H), 
3.10 (m, 2H), 2.05 (m, 1H), 1.60 (m, 1H). FAB MS, [M+H] + =450. Elemental 
analysis cat. C=47.86%, H=3.72%, N=10.34%, found C=47.94%, H=3.84%, 
N=10.40%. 

30 

EXAMPLE 103 

7-Methoxv-2-napthalenesulfonic acid {1-f3-(aminoiminomethynbenzyl]-2-oxo- 
3fSVpyrrolidin-3-vlUthioDhene- 2-vlmethvnamide trifluoroacetate. 



35 



A. 7-Methoxy-2-napthalenesulfonic acid f1-(3-cvanobenzvn-2-oxopvrrolidin-3- 
fSWI1(thioph ene.2-ylmethvnamide. 
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The title compound is prepared as described i: .AMPLE 90, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide (0.100 g, 0.23 mmol), prepared as described in EXAMPLE 43, part A, 
and thiophene-2-ylmethyl bromide (0.10 g, 0.56 mmol). The crude product is 
5 triturated with hexane/ether and used without further purification. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.49 (s, 1H), 7.93 (bs 2H), 7.70 (d, 1H), 7.50 (m, 
3H), 7.28 (m, 3H), 7.10 (d, 1H), 6.90 (m, 2H), 4.65 (m, 3H), 4.45 (AB, 2H), 3.93 
(s, 3H), 3.09 (m, 2H), 2.28 (m, 1H), 2.04 (m, 1H). FAB MS, [M+H] + =532. 

10 B. 7-Methoxv-2-napthal enesulfonic acid {1-[3-(aminoiminomethynbenzyl]-2- 
oxo-3(SVpvrrolidin-3-vl-(thiophene-2-vlmethynamide trifluoroacetate. 
7-Methoxy-2-napthalenesulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl-(thiophene-2-ylmethyl)amide (0.12 g, 0.23 mmol) is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 

15 by RP-HPLC eluting with a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 1 00% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid (0.045 g, 0.064 mmol). 
1 H NMR (CD 3 OD, 300 MHz) 8 8.49 (s, 1H), 7.95 (d, 1H), 7.87 (m, 2H), 7.62 (m, 
4H), 7.43 (d, 1H), 7.31 (m, 2H), 6.96 (m, 1H), 6.85 (m, 1H), 4.66 (m, 4H), 3.92 (s, 

20 3H), 3.23 (m, 2H), 2.23 (m, 1H), 2.05 (m, 1H). FAB MS, [M+H] + =549. Elemental 
analysis calculated with 2 mmol of H 2 0 cal. C=51.57%, H=4.76%, N=8.02%, 
found C=51.70%, H=4.41%, N=7.79%. 

EXAMPLE 104 

25 4-Pyridin-3-ylbenzene sulfonic acid f1-r3-(aminoiminomethvnbenzvl]-2- 
oxppyrrplidin-3(3)-yl}amide bistriflgprpacetate. 

A. 4-rPyridin-3-ynbromobenzene. 

3-Bromopyridine (6 g, 38 mmol) is treated as described in EXAMPLE 53, Part A 
30 with n-butyl lithium (28.5 mL of a 1.6 M solution in THF, 45.6 mmol) and 
iodobromobenzene (8.96 g, 31.7 mmol). The crude product is purified by 
chromatography (30% EtOAc/hexanes) to obtain the title compound (3.5 g, 
14.9 mmol). 
El MS, [M] + =233/235. 



B. 4-Pyridin-3-vlbenzene sulfonvlchloride 
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The title compound is prepared from 4-(pyridin-3-yl)-bromobenzene (1.75 g, 
7.5 mmol) as described in EXAMPLE 53, Part B except that 2 equivalents of t- 
butyl lithium is used to generate the starting anion. The crude solid product is 
purified by washing with copious amounts of hexane followed by 100 mL of hot 
5 anhydrous CH 2 CI 2 and is used without further purification (1 .98 g, 7.8 mmol). 
El MS, [M] + =253. 

C. 4-Pvridin-3-vlbenzene sulfonic acid ri-(3-cy anobenzyh-2-oxopvrrolidin-3- 

(S)-yl]amide, 

10 The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 

ylmethyl)benzonitrile hydrochloride (0.3 g, 1.2 mmol) as in EXAMPLE 24, Part 
B using 4-pyridin-3-ylbenzenesulfonyl chloride (0.57 g, 2.4 mmol) in place of 6- 
methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
chromatography (2.5% MeOH/CH 2 CI 2 to 5% MeOH/CH 2 CI 2 ) to obtain a white 

1 5 solid (0.08 g, 0. 1 8 mmol). 

1 H NMR (CD 3 OD, 300 MHz) 6 8.85 (bs, 2H), 8.57 (bs, 2H), 8.16 (d, 1 H), 7.94 
(AB, 4H), 7.46-7.65 (m, 5H), 4.44 (AB, 2H), 4.23 (t, 1H), 3.20 (m, 2H), 2.33 (m, 
1H), 1.87 (m, 1H). 

20 D. 4-Pvridin-3-vlbenzene sulfonic acid (1-r3-(aminoiminomethvnbenzyll-2- 
oxopyrrolidin.3(SVyllamide bistrifluoroacetate. 

4-Pyridin-3-ylbenzene sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide (0.08 g, 0.18 mmol) is converted to 4-pyridin-3-ylbenzene-4-sulfonic 
acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl} amide 
25 bistrifluoroacetate as described in EXAMPLE 24, Part C. The crude product is 
purified by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid (0.016 g, 0.024 
mmol). 

30 1 H NMR (DMSO-d 6 , 300 MHz) 8 9.27 (bs, 2H), 9.05 (bs, 2H), 8.23 (m, 2H), 7.93 
(m, 4H), 7.62 (m, 2H), 7.51 (m, 3H), 4.40 (m, 2H), 4.15 (m, 1H), 3.10 (m, 2H), 
2.05 (m, 1H), 1.60 (m, 1H). FAB MS, [M+H] + =450. 

EXAMPLE 105 

35 N-Methylpyrid-4-ylphenyl-4-sulfonic acid (1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(SVyl)amide trifluoroacetate. 
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Pyrid-4-ylbenzene sulfonic acid {1-[3-cyanobenzyl]-2-oxopyrrolidin-3(S)-yl} 
amide (0.25 g, 0.58 mmol), prepared as described in EXAMPLE 80, Part C is 
converted to the title compound as described in EXAMPLE 32, Part C. The 
crude product is purified by RP-HPLC eluting with a gradient of 10% 
5 CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate 
product fractions are lyophilized to provide the title compound as a yellow solid 
(0.055, 0.08 mmol). 

1 H NMR (CD 3 OD, 300 MHz) 5 8.42,8.98 (AB, 4H), 8.16 (s, 4H) 7.56-7.73 (m, 
3H), 7.59 (s, 1H), 4.50 (AB, 2H), 4.43 (s, 3H), 4.27 (t, 1H), 3.26 (m, 2H), 2.33 (m, 
10 1 H), 1 .80 (m, 1 H). FAB MS, [M+H] + =464. 

EXAMPLE 106 

2-Methoxvquinoline-7-sulfonic acid f1-r3-(aminoiminomethvl)benzvn-2- 
oxopyrrolidin -3-(SWIlamide trifluoroacetate. 

15 

A. 2-Methoxyauinoline-7-sulfonvl chloride. 

7-Bromo-2-methoxyquinoline (1.75 g, 7.5 mmol) is treated as described in 
EXAMPLE 53, Part B. The crude solid product is collected, washed with 
hexane and used without further purification (0.66 g, 2.6 mmol). 
20 El MS, [M] + =257. 

B. 2-Methoxvauinoline-7-sulfonic acid {1-f3 -cvanobenzvl]-2-oxopyrrolidin-3- 
tS)-yl}amide 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
25 ylmethyl)benzonitrile hydrochloride (0.305, 1.2 mmol) as in EXAMPLE 24, Part 
B using 2-methoxyquinoline-7-sulfonyl chloride (0.30 g, 1.16 mmol)in place of 
6-methoxynaphthalene-2-sulfonyl chloride. 2-Methoxy-quinoline-7-sulfonic 
acid {1-[3-cyanobenzyl]-2-oxopyrrolidin-3-(S)-yl}amide is obtained as a solid 
(0.27 g, 0.62 mmol) upon chromatography (CH 2 CI 2 to 3% MeOH/CH 2 CI 2 ). 
30 1 H NMR (CDCI3, 300 MHz) 5 8.43 (m, 2H), 8.03 (d, 2H), 7.80-7.91 (m, 2H), 7.58 
(d, 1H), 7.43 (m, 3H), 7.06 (d, 1H), 5.43 (s, 1H), 4.43 (s, 2H), 4.08 (s, 3H), 3.80 
(t, 1H), 3.20 (dd, 2H), 2.62 (m, 1H), 2.10 (m, 1H). El MS, [M] + =436. 

C. -Mftthoxvauinoline-7-sulfonic acid (1-r3-cy anobenzvn-2-oxopvrrolidin-3-(S)- 
35 yl}-methylamide. 

2-Methoxy-quinoline-7-sulfonic acid (1-[3-cyanobenzyl]-2-oxopyrrolidin-3-(S)- 
yljamide (0.15 g, 0.35 mmol) is converted to the title compound (0.157 g, 0.35 
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mmol) as described in EXAMPLE 90, Part A except that acetone is replaced 
with anhydrous DMF (4 mL) and a catalytic amount of tert-butyl ammonium 
iodide is added. 
El MS. [M] + =450. 

5 

P, 2-Methoxvauinoline-7-sulfonic acid (1-f3-(aminoiminomethvnbenzvl]-2- 
oxopyrrolidin-3-(SVvl}amide trifluoroacetate. 

2-Methoxy-quinoline-7-sulfonic acid {1-[3-cyanobenzyl]-2-oxopyrrolidin-3-(S)- 
yl}-methylamide is converted to the title compound as described in EXAMPLE 
1 0 24, Part C. The crude product is purified by RP-HPLC eluting with a gradient of 
10% CH 3 CN/H 2 0 (0.1% TFA) to 100% CH 3 CN/H 2 0 (0.1% TFA) and the 
appropriate product fractions are lyophilized to provide the title compound as a 
white solid (0.038, 0.065 mmol). 

1 H NMR (CDgOD, 300 MHz) 88.35 (s, 1H), 8.25 (d, 1H), 7.98 (d, 3H), 7.84 (dd, 
15 1H), 7.69 (m, 1H), 7.50-7.68 (m, 3H), 7.10 (s,1H), 5.0 (t, 1H), 4.53 (AB, 2H), 4.08 
(s, 3H), 3.30 (m, 2H), 2.80 (s, 3H), 2.15 (m, 1H), 1.93 (m, 1H). FAB MS, 
[M+H] + =468. Elemental analysis calculated with 1 .5 mmol of TFA and 0.5 mmol 
of H 2 0: C=48.2%, H=4.28%, N=10.81%, found C=48.16%, H=4.37%, 
N= 10.67%. 

20 

EXAMPLE 107 

4-(6-Methoxvpvridin-2-vnbenzene-4-sulfonic acid (1-[3- 
(aminoiminomethvl)benzvn-2-oxopvrrolidin-3fS)-vl)amide bistrifluoroacetate. 

25 A. 4-(6-Methoxvpvridin-2-yl>bromobenzene. 

2-Bromo-6-methoxypyridine (3 g, 17 mmol) is treated as described in 
EXAMPLE 53, Part A with n-butyl lithium (10.6 mL of a 1.6 M solution in THF, 
17 mmol) and iodobromobenzene (4.8 g, 17 mmol). The crude product is 
purified by chromatography (5% EtOAc/hexanes) to obtain the title compound 

30 (2 g, 7.6 mmol). 

El MS, [M] + =263/265. 

B. 4-(6-Methoxypyridin-2-yl)benzene sulfonyl chloride. 
The title compound is prepared from 4-(pyridin-4-yl)-bromobenzene (1.92 g, 
35 7.5 mmol) as described in EXAMPLE 53, Part B. The crude product is purified 
by chromatography to give 4-(6 methoxypyridin-2-yl)benzene sulfonyl chloride. 
El MS, [M] + =283. 
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C. 4-{6-Methoxvpvridin-2-vnbenzene-4-sulfonic acid [1-(3-cvanobenzylV2- 
oxopyrrolidin-3-(S)-yl]amide. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
5 ylmethyl)benzonitrile hydrochloride (0.59 g, 2.3 mmol) as in EXAMPLE 24, Part 
B using 4-(6-methoxypyridin-2-yl)benzene sulfonyl chloride (0.63 g, 2.2 mmol) 
in place of 6-methoxynaphthalene-2-sulfonyl chloride. The crude product (1.1 
g, 2.4 mmol) is used without further purification. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.20 (d, 2H), 7!98 (d, 2H), 7.66 (t, 1H), 7.57 (m, 
10 1H), 7.35-7.45 (m, 4H), 6.88 (d, 1H), 7.07 (dd, 1H), 5.36 (bs, 1H), 4.45 (s, 2H), 
3.78 (t, 1H), 3.21 (m, 2H), 2.61 (m, 1H), 2.10 (m, 1H). 

D. 4-(6-Methpxypyridin-2-yQbenzene-4-$ulfQnic acid {1-[3- 
(aminQiminomethyl)benzy|]-2-oxopyrrplidin-3(g)-yl}amide bigtrifluorpacetate. 

15 4-(6-Methoxypyridin-2-yl)benzene-4-sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.26g, 0.57 mmol) is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 
by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 100% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 

20 provide the title compound as a white solid (0.168 g, 0.24 mmol). 

'H NMR (CD3OD, 300 MHz) 6 8.25 (m, 2H), 7.05 (m, 3H), 7.97 (m, 2H), 7.72 (m, 

2H), 7.54 (m, 4H), 6.78 (d, 1H), 4.51 (AB, 2H), 4.20 (t, 1H), 4.00 (s, 3H), 3.22 (m, 
2H), 2.29 (m, 1H), 1.78 (m, 1H). FAB MS, [M+H] + =480. 

25 EXAMPLE 108 

4-(3-Chloropyridin-2-yloxv^benze ne-4-sulfonic acid {1-f3- 
raminoiminomethynbenzvn-2-oxopvrrolidin-3fS)-vl)amide trifluoroacetate. 

A. 4W3-Chloropvr idin-2-vloxv)bromobenzene. 

30 Bromophenol (3.74 g, 22 mmol) is stirred with 50% sodium hydroxide solution 
(16 mL) for about 1 hour then treated with hexadecyltributylphosphonium 
bromide (3.25 g, 6.4 mmol), 2.3-dichloro-pyridine ( 3.2 g, 21.6 mmol) and 
toluene (15 mL). The mixture is heated to 100°C for 18 hours, cooled and 
diluted with ethyl acetate and water. The organic layer is separated, washed 

35 with dilute NaOH and saturated NaCI, dried (MgS0 4 ) and concentrated. Rash 
chromatography (5% EtOAc/hexanes) yielded the title compound (4.4 g, 15 
mmol). 
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El MS, [M] + =285. 

B. 4-(3-Chloropyridin-2-yloxy toenzene sulfonvl chloride. 
4-(3-Chloropyridin-2-yloxy)bromobenzene (2 g, 7.03 mmol) is converted to the 
5 title compound as described in EXAMPLE 53, Part B. The crude product, a 
gummy solid, is purified by chromatography (CH 2 CI 2 ) to yield 4-(3- 
chloropyridin-2-yloxy)benzene sulfonyl chloride (0.76 g, 2.5 mmol). 
El MS, [M]*=303. 

10 C 4-(3-Chloropvridin-2-vloxv)benzene sulfonic acid M-(3-cvanobenzyn-2- 
oxoPvrrolidin-3-tSVyl]amidB. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride as in EXAMPLE 24, Part B using 4-(3- 
chloropyridin-2-yloxy)benzene sulfonyl chloride in place of 6- 
15 methoxynaphthalene-2-sulfonyl chloride. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.07 (d, 1H), 7.96 (d, 2H), 7.82 (d, 1H), 7.58 (m, 
1H), 7.46 (m, 3H), 7.32 (d, 2H), 7.07 (dd, 1H), 5.35 (s, 1H), 4.46 (s, 2H), 3.78 (t, 
1H), 3.21 (dd, 2H), 2.58 (m, 1H), 2.08 (m, 1H). 

20 D. 4-(3-ChloroDvridin-2-vloxv)benzene-4-sulfonic acid {1-[3- 

faminoiminomethvnbenzvl1-2-oxopyrrolidin-3(SVvl}amidQ trifluoroacetate. 
4-(3-Chloropyridin-2-yloxy)benzene sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.47 g, 0.97 mmol) is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 

25 by RP-HPLC eluting with a gradient of 1 5% CH 3 CN/H 2 0 (0. 1 % TFA) to 70% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid (0.4 g, 0.64 mmol). 
1 H NMR (DMSO-d 6 , 300 MHz) 5 9.26 (bs, 2H), 9.15 (bs, 2H), 8.16 (d, 1H), 8.05 
(m, 2H), 7.85 (m, 2H), 7.62 (m, 1H), 7.51 (m, 3H), 7.30 (m, 2H), 7.22 (m, 1H), 

30 4.41 (AB, 2H), 4.13 (m, 1H), 3.08 (m, 2H), 2.04 (m, 1H), 1.60 (m, 1H). FAB MS, 
[M+H] + =500. Elemental analysis calculated with 0.5 mmol of H 2 0: C=48.20%, 
H=3.88%, N=11.24%, found C=48.23%, H=3.56%, N=10.97%. 

EXAMPLE 109 
35 4-(N-Oxidopv ridin-3-vnbenzene-4-sulfonic acid f1-f3- 

(aminoiminomethvnbenzvl]-2-oxopyrrolidin-3(SWIl amide trifluoroacetate. 
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A. 4-fN-Oxidopyridin-3-vhbenzene sulfonic acid fM3-cvanobenzvn-2- 
oxopyrrolid in-3-t SVyl]am ide 

4-Pyridin-3-ylbenzene sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide (0.125 g, 0.29 mmol) is treated with m-chlorpperbenzoic acid (0.55 g, 
5 3.2 mmol) in chloroform (4 mL) for 20 hours. The reaction is diluted with 

methylene chloride, washed with saturated NaHC0 3 and saturated NaCI, dried 
(Na 2 S0 4 ) and concentrated to yield 4-(N-oxypyridin-3-yl)benzene sulfonic acid 
{1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl} amide (0.12 g, 0.27 
mmol). The crude product is used without further purification. 
1 0 1 H NMR (CDCI 3 , 300 MHz) 8 8.50 (bs, 1 H), 8.28 (d, 1 H), 8.06 (d, 2H), 7.68 (d, 
2H), 7.36-7.60 (m, 5H), 6.00 (m, 1H), 4.46 (AB, 2H), 3.90 (m, 1H), 3.25 (m, 2H), 
2.60 (m, 1H), 2.08 (m, 1H). FAB MS, [M+H] + =449. 

B. 4-(N-Oxidopyridin-3-ynbenzene-4-sulfonic acid (1-[3- 

15 (aminpiminpmethyl)benzyl1-2-pxppyrrplidin-3(S)-yl} amide trifluprpacetate. 
4-(N-Oxidopyridin-3-yl)benzene-4-sulfonic acid [1 -(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.12 g, 0.27 mmol) is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 
by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 

20 CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid (0.045 g, 0.07 mmol). 
'H NMR (DMSO-d 6 , 300 MHz) 5 9.26 (bs, 2H), 9.00 (bs, 2H), 8.62 (m, 1H), 8.38 

(m, 2H), 7.94 (m, 4H), 7.65 (m, 2H), 7.50 (m, 4H), 4.40 (AB, 2H), 4.13 (m, 1H), 
3.10 (m, 2H), 2.05 (m, 1H), 1.59 (m, 1H). FAB MS, [M+H] + =466. 

25 

EXAMPLE 110 

4-Phenoxybenzene-4-sulfonic acid {1-f3-faminoiminomethynbenzvl]-2- 
Qxopyrrplidin-3(S)-yl} amide trifluprpacetate- 

30 A. 4-Phenoxybenzene sulfonyl chloride. 

4-(Phenoxy)bromobenzene (6 g, 24 mmol) is converted to the title compound 
as described in EXAMPLE 53, Part B. The final suspension is concentrated 
and the residue is purified by chromatography (2% ether/hexane) to yield 4- 
phenoxybenzene sulfonyl chloride (3.92 g, 14.6 mmol). 

35 El MS, [M] + =468. 
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B. 4-Phenoxvbenzene sulfonic acid f 1-(3-cyanobenzvn-2-oxopvrrolidin-3-(S^- 
yllamjdg. 

The title compound is prepared from 3-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)benzonitrile hydrochloride (0.35 g, 1.39 mmol) as in EXAMPLE 24, 
5 Part B using 4-phenoxybenzene-4-sulfonyl chloride (0.38 g, 1.41 mmol) in 
place of 6-methoxynaphthalene-2-sulfonyl chloride. Standard work-up and 
chromatography gave 4-phenoxybenzene sulfonic acid [1-(3-cyanobenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide (0.37 g, 0.83 mmol). The crude product is 
triturated with hexane/ether and used without further purification. 
1 0 'H NMR (CDCI 3 , 300 MHz) 5 7.86 (d, 2H), 7.63 (d, 1 H), 7.40-7.50 (m, 5H), 7.22 
(t, 1 H), 7.09 (t, 4H), 5.24 (s, 1 H), 4.47 (AB, 2H), 3.77 (t, 1 H), 3.20 (dd, 2H), 2.58 
(m, 1H), 2.09 (m, 1H). FAB MS, [M+H] + =447. 

C 4-Phenoxvbenzene sulfonic acid (1-r3-(aminoiminomethynbenzyl]-2- 

15 oxopvrrolidin-3(SWI)amid e trifluoroacetate. 

4-Phenoxybenzene sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yl]amide (0.37 g, 0.83 mmol) is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
gradient of 25% CH 3 CN/H 2 0 (0.1% TFA) to 100% CH 3 CN and the appropriate 

20 product fractions are lyophilized to provide the title compound as a white solid 
(0.25 g, 0.426 mmol). 

1 H NMR (DMSO-d 6 , 300 MHz) 8 7.78 (d, 2H), 7.55-7.75 (m, 4H), 7.40 (t, 2H), 
7.23 (t, 1H), 7.07 (m, 4H), 4.42 (AB, 2H), 4.14 (t, 1H), 3.25 (m, 2H), 2.25 (m, 1H), 
1.87 (m, 1H). FAB MS, [M+H] + =465. Elemental analysis calculated with 1 mmol 
25 of TFA and 0.5 mmol of H 2 0: C=53.15%, H=4.46%, N=9.50%, found 
C=53.10%, H=4.21%, N=9.40%. 

EXAMPLE 111 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
30 3(S)-pyrrolidin-3-yl)fthiophene-3-vlmethynamide trifluoroacetate. 

A. 7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(SVyl](thiophene-3-ylmethyl)amide. 

The title compound is prepared as described in EXAMPLE 90, Part A using 7- 
35 methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3-(S)- 
yljamide (0.193 g, 0.44 mmol), prepared as described in EXAMPLE 43, part A, 
and thiophen-3-ylmethyl bromide (0.30 g, 1.68 mmol). The crude product is 
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triturated with hexane/ether and used without further purification (0.25 g, 0.48 
mmol). 

1 H NMR (CDCIg, 300 MHz) 5 8.45 (s, 1H), 7.94 (AB, 2H), 7-80 (d, 1H), 7.06 (d, 
1H), 7.40-7.65 (m, 2H), 7.18-7.32 (m, 4H), 7.05-7.13 (m, 2H), 4.4-4.6 (m, 3H), 
5 4.38 (AB, 2H), 3.93 (s, 3H), 3.07 (m, 2H), 2.27 (m, 1 H), 1 .99 (m, 1 H). FAB MS, 
[M+H] + =532. 

B. 7-Methoxv-2-napthalenesulfonic acid {1 -r3-raminoiminomethvnbenzyl]-2. 
Oxp-3(S)-pyrrolidin-3-vl)fthiophene-3-vimethvhamide t rifluoroacetate. 

10 7-Methoxy-2-napthalenesulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl](thiophen-3-ylmethyl)amide (0.25 g, 0.48 mmol) is converted to the title 
compound as described in EXAMPLE 24, Part C. The crude product is purified 
by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 100% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 

15 provide the title compound as a white solid (0.150 g, .0.218 mmol). 

1 H NMR (CD 3 OD, 300 MHz) 8 8.48 (s, 1H), 7.97 (d, 1H), 7.88 (m, 2H), 7.6-7.72 
(m, 4H), 7.43 (d, 1H), 7.30 (m, 2H), 7.24 (bs,1H), 6.98 (d, 1H), 4.69 (t, 1H), 
4.52(AB, 2H), 4.45 (AB, 2H) 3.93 (s, 3H), 3.22 (m, 2H), 2.23 (m, 1H), 2.02 (m, 
1H). FAB MS, [M+H] + =549. Elemental analysis calculated with 1 mmol of H 2 0 

20 cal. C=52.93 %, H=4.59%, N=8.23%, found C=52.68%, H=4.51%, N=7.97%. 

EXAMPLE 112 

6-MethoxvnaDhthalene-2-sulfonic acid (1-r3-miethowaminoiminomethyn- 
benzvl>2-oxopyrr olidin-3-(SVyH-methylamide trifluoroacetate. 

25 6-Methoxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]-methylamide, prepared as described in EXAMPLE 25, Part A, (0.096 g, 
0.21 mmol) is dissolved in 15 mL of a 2:1 mixture of EtOH/CH 2 CI 2 . The solution 
is cooled to 0°C and HCI gas is bubbled through the solution for 10 minutes. 
The ice bath is removed and the reaction mixture is stirred at room temperature 

30 for 18 hours. After this time, the solution is concentrated and pumped under 
high vacuum until dry. The residue is dissolved in 10 mL of ethanol, and 
treated th methoxyamine hydrochloride (0.18 g, 2.14 mmol) and 
triethylar une (0.24 g, 2.38 mmol). The reaction mixture is stirred at room 
temperature for 24 hours and diluted with ethyl acetate. The organic layer is 

35 washed with water and brine dried (Na 2 S0 4 ) and concentrated. The residue is 
purified by flash chromatography eluting with a gradient of 0.25% 
MeOH/CH 2 CI 2 to 1% MeOH/CH 2 CI 2 . The appropriate product fractions are 
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collected, concentrated and converted to the TFA salt to give the title 
compound (0.41 g, 0.19 mmol) as an amorphous white solid. 
1 H NMR (CDCIg, 300 MHz) 88.39 (s, 1H), 7.89 (d, 1H), 7,78 (m, 2H), 7.58 (m, 
2H), 7.30 (m, 4H), 6.20 (bs, 2H), 4.88 (t, 1H), 4.42 (AB,2H), 3.92 (m, 3H), 3.90 
5 (m, 3H), 3.21 (m, 2H), 2.75 (m, 3H), 2.22 (m, 1 H), 1 .95 (m, 1 H). FAB MS, 
[M+H] + =497. Elemental analysis calculated with 1.7 mmol of H 2 0 cal. 
C=50.57%, H=5.09%, N=8.74%, found C=50.58%, H=4.55%, N=8.29%. 

EXAMPLE 113 

10 6-MethoxvnaPhthalene-2-sulfonic acid n-r3.fcvanoami noiminomethvnbenzyl]. 
2-OXOPVrrolidin-3-(S)-vl)methvlamide trifluoroacetate. 
6-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}methylamide (0.2 g, 0.4 mmol), prepared as described in 
EXAMPLE 25, Part B, is dissolved in ethanol (10 ml_), and treated with triethyl 

1 5 amine (0.202 g, 2 mmol) and cyanogen bromide (0.4 mL of a 5 M solution, 2 
mmol) portionwise over 48 hours. The solution is cooled during the addition of 
reagents. Upon completion (TLC analysis) the solution is concentrated and the 
residue purified by chromatography (5% MeOH/CH 2 CI 2 ), followed by RP-HPLC 
eluting with a gradient of 20% CH 3 CN/H 2 0 (0.1% TFA) to 100% CH 3 CN/H 2 0 

20 (0.1% TFA). The title compound is isolated as a white solid (0.043 g, 0.086 
mmol). 

1 H NMR (CD 3 OD, 300 MHz) 8 8.42 (s, 1H), 7.97 (d, 1H), 7.85 (d, 1H), 7.72 (m, 
3H), 7.42 (m, 3H), 7.30 (d, 1H), 5.00 (m, 1H), 4.48 (AB, 2H), 3.92 (s, 3H), 3.24 
(m, 2H), 2.10 (m, 1H), 1.85 (m, 1H). FAB MS, [M+HJ + =492. Elemental analysis 
25 calculated with 0.6 mmol of H 2 0 cal. C=59.77%, H=5.26%, N=13.94%, found 
C=59.75%, H=4.96%, N=13.84%. 

EXAMPLE 114 

6-Methoxynaphthalene-2-sulfonic acid {1-r3 -(hydroxyaminoiminomethyn- 
30 benzvlV2-oxopvrrolidin-3-(S)-viymeth ylamide trifluoroacetate. 

6-Methoxynaphthalene-2-sulfonic acid [1 -(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]methylamide, prepared as described in EXAMPLE 25, Part A, (0.10 g, 
0.22 mmol) is dissolved in 10 mL of methanol, treated with Hydroxylamine 
35 hydrochloride (0.078 g, 1.1 mmol) and I^COg (0.154 g, 1.1 mmol) and heated 
to reflux for 18 hours. The solution is cooled, concentrated and the residue 
purified by RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
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100% CH 3 CN/H 2 0 (0.1% TFA). The title compound is isolated as a white solid 
(0.080 g, 0.126 mmol). 

'H NMR (CD 3 OD, 300 MHz) 88.46 (s, 1H), 8.05 (d, 1H), 7.90 (d, 1H), 7.78 (dd, 
1H), 7.62 (m, 3H), 7.58 (m, 1H), 7.50 (m, 1H), 7.38 (dd, 1H), 5.00 (t, 1H), 4.58 (s, 
5 2H), 3.95 (s, 3H), 3.30 (m, 2H), 2.70 (s, 3H), 2.20 (m, 1H), 1.95 (m, 1H). FAB 
MS, [M+H] + =483. Elemental analysis calculated with 2.1 mmol of H 2 0 cal. 
C=48.22%, H=4.90%, N=8.83%, found C=48.86%, H=4.30%, N=8.61%. 

EXAMPLE 115 

10 4-Amino-3-r3-fS)-f7-methoxvnaDhthalene-2-sulfonvlamino)-2-oxopyrrolidin-1- 
yl-methyl]benzamidine dihvdrochloride. 

A. 4-Aminp-3-methylbgnzonitrile. 

To a solution of 3-methyl-4-nitrobenzonitrile (2 g, 12.3 mmol) in 100 ml_ of 
15 EtOH is added SnCI 2 (13.9 g, 61.7 mmol). The resulting solution is refluxed. 
After 2 hours, the solution is cooled to ambient temperatures. The solution is 
poured into 150 mL of ice water. The pH of the solution is adjusted to >7 with a 
solution of saturated NaHC0 3 . The solution is diluted with EtOAc and the 
resulting mixture is filtered through Celite. The filtered solution is separated. 
20 The organic layer is dried over MgS0 4 , filtered and concentrated to give the 
title compound (1 .57 g, 8.7 mmol) as an off-white solid. 
'H NMR (CDCI 3 , 300 MHz) 8 7.30 (m, 2H), 6.63 (d, 1H), 4.10 (bs, 2H), 2.15 (m, 
2H). EIMS,[M] + =132. 

25 B. 4-fBenzhydrylidenylaminoV3-methvlbenzonitrile. 

To a solution of 4-amino-3-methybenzonitrile (1.2 g, 9.08 mmol) in 75 mL of 
toluene is added benzophenone (1.74 g, 9.53 mmol) and p-toluenesulfonic 
acid (0.43 g, 2.1 mmol). The reaction vessel is fitted with a Dean-Stark trap 
and the solution is heated to reflux. After 24 hours, the solution is cooled to 

30 ambient temperatures. The solution is concentrated. The crude material is 
purified by column chromatography eluting with a gradient of 3% 
EtOAc/hexanes to 10% EtOAc/hexanes. The title compound (2.43 g, 8.2 mmol) 
is obtained as an oil. 

1 H NMR (CDCI 3 , 300 MHz) 87.80 (m, 2H), 7.40 (m, 6H), 7.30 (s, 1H), 7.15 (d, 
35 1 H), 7.05 (bs, 2H), 6.50 (d, 1 H), 2.20 (s, 3H). El MS, [M] + =296. 

C. 4-menzhvdrylidenylaminoV3 -bromomethvlbenzonitrile. 
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To a solution of 4-(benzhydrylidenylamino)-3-methylbenzonitrile (1.36 g, 4.27 
mmol) in 40 mL of CCI 4 is added N-bromosuccinimide (0.84 g, 4.7 mmol) and 
benzoyl peroxide (0.22 g, 0.64 mmol). The solution is refluxed for 16 hours. 
The solution is cooled to ambient temperatures. The solution is diluted with 
5 CH 2 CI 2 . The solution is washed with 1 N NaOH and saturated NaCI. The 
organic layer is dried over MgS0 4 , filtered and concentrated. The crude 
material is purified by column chromatography eluting with a gradient of 5% 
EtOAc/ hexanes to 10% EtOAc/hexanes. The title compound (0.91 g, 2.43 
mmol) is obtained as an oil. 
10 'H NMR (CDCIg, 300 MHz) 8 7.80 (m, 2H), 7.60 (d, 1 H), 7.35 (m, 8H), 7.15 (dd, 
1H), 6.35 (d, 1H), 4.55 (s, 2H). El MS, [M] + =374. 

D. (1-r2»(BenzhvdrvlidenvlaminoV5-cyano-b enzvn-2-oxopvrrolidin-3-vl}- 
carbamic acid tert-butyl ester. 

15 The title compound is prepared as described in EXAMPLE 23, Part B 
substituting 4-(benzhydrylidenylamino)-3-bromomethylbenzonitrile for 
a-bromo-m-toluyl nitrile. The crude material is purified by column 
chromatography eluting with a gradient of 30% EtOAc/ hexanes to 40% 
EtOAc/hexanes. The title compound is obtained as a yellow solid. 

20 1 H NMR (CDCI 3 , 300 MHz) 8 7.70 (bs, 2H), 7.40 (s, 1 H), 7.38 (bs, 6H), 7.30 (d. 
1H), 7.15 (bs, 2H), 6.48 (d, 1H), 5.00 (d, 1H, 4.45 (AB, 2H), 4.15 (m, 1H), 3.30 
(m, 2H), 2.61 (m, 1H), 1.90 (m, 1H), 1.45 (s, 9H). 

E. 7-Methoxvnaphthalene-2-sulfonic acid [1-(2-amino-5-cyanobenzyn-2- 

25 QXQpyrrplidin-3-y l]ami de, 

Hydrogen chloride gas is bubbled through a solution of {1-[2- 
(benzhydrylidenylamino)-5-cyanobenzylJ-2-oxopyrrolidin-3-yl}carbamic acid 
tert-butyl ester (0.70 g, 1 .42 mmol) in 75 mL of EtOAc at 0°C for 5 minutes. 
After 1 hour, the solution is concentrated. The resulting residue is dissolved in 

30 50 mL of CH 3 CN. To the solution is added triethyl amine (0.79 mL, 5.68 mmol) 
and 7-methoxynaphthalene sulfonyl chloride (0.38 g, 1.49 mmol). After 5 
hours, the reaction mixture is diluted with EtOAc. The resulting solution is 
washed with saturated NaHC0 3 and saturated NaCI. The organic layer is dried 
over MgS0 4 , filtered and concentrated. The crude material is purified by 

35 column chromatography eluting with 5% CH 3 OH/CH 2 CI 2 . The title compound 
(0.60 g, 1.21 mmol) is obtained as a yellow solid. 
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1 H NMR (CDCI3, 300 MHz) 88.30 (s, 1H), 7.90 (d, 1H), 7.80 (d, 1H), 7.70 (d, 
1H), 7.35 (m, 4H), 6.55 (d, 1H), 5.25 (d, 1H), 4.90 (s, 2H), 4.30 (AB, 2H), 3.95 (s, 
3H), 3.75 (m, 1H), 3.20 (m, 2H), 2.55 (m, 1H), 2.00 (m, 1H). 

5 F 4-Amino-3-r3-(SV(7-methoxvnaphthalene'2-sulfonvlaminoV2-oxopvrrolidin- 
1 -yl-methvrjbenzamidine dihvdrochloride. 

7-Methoxynaphthalene-2-sulfonic acid [1 -(2-amino-5-cyano-benzyl)-2- 
oxopyrrolidin-3-yl]amide is converted to the title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 

1 0 gradient of 1 0% CH 3 CN/H 2 0 to 60% CH 3 CN/H z O and the appropriate product 
fractions are lyophilized to provide the title compound as a white solid. 
'H NMR (DMSO-d 6 , 300 MHz) 5 8.80 (bs, 2H), 8.45 (bs, 2H), 8.35 (s, 1H), 8.10 
(d, 1H), 8.00 (d, 1H), 7.90 (d, 1H), 7.70 (dd, 1H), 7.50 (m, 2H), 7.40 (d, 1H), 7.35 
(dd, 1H), 6.70 (d, 1H), 6.20 (bs, 2H), 4.15 (AB, 2H), 4.10 (m, 1H), 3.90 (s, 3H), 

15 3. 1 2 (m, 2H), 1 .98 (m, 1 H), 1 .55 (m, 1 H). Elemental analysis calculated with 2 
mmol of H 2 0 cal. C=47.92%, H=5.42%, N=12.15%, found C=48.00%, 
H=5.27%, N=12.29%. 

EXAMPLE 116 

20 4-Amino-3-f3-(S)-f7-methoxvnaDhthalene-2-sulfonvl-methvlamino)-2- 
oxopyrrolidin-l -yl-methvllbenzamidine trifluoroacetate. 

A. (1.f2-fBenzhvdrvlidanylaminoV5-cvano-benzvn-2-oxoDvrrolidin-3-vl>.N- 
methylcarbamic acid tert-butyl ester. 

25 To a solution of {1-[2-(benzhydiylidenylamino)-5-cyanobenzyI]-2-oxopyrrolidin- 
3-yl}carbamic acid tert-butyl ester (3.94 g, 7.98 mmol) in 8 mL of DMF at 0°C is 
added a 60% mineral oil dispersion of NaH (0.35 g, 8.77 mmol). After 20 
minutes, methyl iodide (0.99 mL, 15.9 mmol) is added. After 2 hours, the 
solution is diluted with saturated NH 4 CI and EtOAc. The layers are separated. 

30 The organic layer is washed with H 2 0 and saturated NaCI. The organic layer is 
dried over MgS0 4 , filtered and concentrated. The crude material is purified by 
column chromatography eluting with a gradient of 30% EtOAc/ hexanes to 50% 
EtOAc/hexanes. The title compound (3.72 g, 7.31 mmol) is obtained as a 
yellow solid: 

35 1 H NMR (CDCI3, 300 MHz) 8 7.70 (bs, 2H), 7.45 (m, 8H), 7.10 (bs, 2H), 6.45 (dd, 
1H), 4.70 (m, 1H), 4.49 (AB, 2H), 3.30 (m, 2H), 2.83 (s, 3H), 2.35 (m, 1H), 2.10 
(m, 1H), 1.50 (s, 9H). FAB MS, [M+H] + =509. 
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B. 7-Methoxyna phthalene-2-sulfonic acid M-(2-amino-5-cyanobenzyn-2- 
oxoDvrrolidin-3-vnmethvlamid6. 

The title compound is prepared as described in EXAMPLE 115, Part E 
5 substituting {1 -[2-(benzhydrylidenylamino)-5-cyanobenzyl]-2-oxopyrrolidin-3- 
yl}-N-methylcarbamic acid tert-butyl ester for {1-[2-(benzhydrylidenylamino)-5- 
cyanobenzyl]-2-oxopyrrolidin-3-yl}carbamic acid tert-butyl ester. The title 
compound is obtained as a yellow solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.38 (s, 1H), 7.87 (d, 1H), 7.78 (d, 1H), 7.72 (dd, 
10 1 H), 7.32 (dd, 1 H), 7.30 (dd, 1 H), 7.28 (d, 1 H), 7.23 (dd, 1 H), 6.55 (d, 1 H), 4.98 
(s, 2H), 4.25 (AB, 2H), 4.15 (m, 1H), 3.98 (s, 3H), 3.20 (m, 2H), 2.70 (s, 3H), 
1.95 (m, 1H). 

C. 4-Amino.3.r3-fS>-f7-methoxy naDhthalene-2-sulfonylmethvlaminoV2- 
15 oxopvrrolidin-1 -vlmethyHb enzamidine trifluoroacetate. 

7-Methoxynaphthalene-2-sulfonic acid [1-(2-amino-5-cyano-benzyl)-2- 
oxopyrrolidin-3-yl]methylamide is converted to the title compound as described 
in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with 
a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/ H 2 0 (0.1% TFA) and 
20 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 8.90 (bs, 2H), 8.75 (bs, 2H), 8.40 (s, 1H), 8.050 
(d, 1 H), 7.95 (d, 1 H), 7.70 (dd, 1 H), 7.60 (d, 1 H), 7.55 (dd, 1 H), 7.48 (d, 1 H), 
7.39 (dd, 1H), 6.70 (d, 1H), 6.00 (bs, 1H), 4.98 (m, 1H), 4.20 (AB, 2H), 3.90 (s, 
25 3H), 3.15 (m, 2H), 2.67 (s, 3H), 2.05 (m, 1H), 1.70 (m, 1H). FAB MS, 
[M+H] + =482. Elemental analysis calculated with 1 .3 mmol of H z O cal. 
C=50.49%, H=4.98%, N=11.32%, found C=50.50%, H=4.50%, N= 10.99%. 

EXAMPLE 117 

30 N-(4-Carbamimidoyl-2-{3-[f7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 
oxopyrrolidin-1 -( SV ylmethvllphenvnacetamide trifluroacetate. 

A. N-(4-Cvano-2-{ 3-ff7-methoxynaphthalene-2-sulfonynmethvlamino]-2- 
oxopvrrolidin-1-ylm ethvl)phenynacetamide. 
35 To a solution of 7-methoxynaphthalene-2-sulfonic acid [1-(2-amino-5-cyano- 
benzyl)-2-oxopyrrolidin-3-yl]methylamide (0.28 g, 0.61 mmol), prepared as 
described in EXAMPLE 116, Part B, in 25 mL of CH 2 CI 2 is added triethyl amine 
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(0.25 ml_, 1.81 mmol), dimethylamino pyridine (0.01 g, 0.061 mmol), and acetyl 
chloride (0.43 g, 6.05 mmol). The solution is heated to 60°C. After 16 hours, 
The solution is cooled to ambient temperatures and diluted with EtOAc. The 
solution is washed with saturated NaHC0 3 and saturated NaCI. The organic 
5 layer is dried over MgS0 4 , filtered and concentrated. The crude material is 
purified by column chromatography eluting with 20% EtOAc/CH 2 CI 2 . The title 
compound (0.232 g, 0.49 mmol) is obtained as a white solid. 
'H NMR (CDCI 3 , 300 MHz) 8 9.50 (s, 1H), 8.50 (d, 1H), 8.30 (s, 1H), 7.89 (d, 
1H), 7.80 (d, 1H), 7.76 (dd, 1H), 7.60 (d, 1H), 7.40 (d, 1H), 7.20 (m, 2H), 4.90 
10 (m, 1 H), 4.30 (AB, 2H), 3.90 (s, 3H), 3.30 (m, 2H), 2.75 (s, 3H), 2.35 (m, 1 H), 
2.05 (m, 1H), 1.90 (s,3H). 

B. N-r4-Carbamimidoyl-2-{3-fr7-methoxvnaphthalene-2-sulfonvhmethvl- 
aminol-2-oxopyrrolidin-1-fSWImethvl)Dhenvnacetamide trifluroacetate. 

15 N-(4-Cyano-2-{3-[(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 

oxopyrrolidin-1-ylmethyl}phenyl)acetamide is converted to the title compound 
as described in EXAMPLE 24, Part C. The crude product is purified by RP- 
HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/ 
H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 

20 provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.70 (s, 1H), 9.23 (bs, 2H), 9.00 (bs, 1H), 8.40 
(s, 1H), 8.00 (d, 1H), 7.98 (d, 1H), 7.70 (m, 2H), 7.60 (m, 2H), 7.35 (dd, 1H), 
4.97 (m, 1H), 4.40 (AB, 2H), 3.90 (s, 3H), 3.20 (m, 2H), 2.68 (s, 3H), 2.10 (m, 
1H), 2.00 (s, 3H), 1.80 (m, 1H). FAB MS, [M+H] + =524. Elemental analysis 

25 calculated with 1.5 mmol of H z O cal. C=50.60%, H=5.00%, N=10.54%, found 
C=50.48%, H=4.61%, N=10.17%. 

EXAMPLE 118 

4-Amino-3-f3-(£ ; r4-tert-butylbenzenesulfonylaminoV2 -oxopyrrolidin-1-vl- 
30 methvllbenzamidine triflu oroacetate. 

A. 4-tert-Butvlben?en6-2-sulfonic acid f1 -(2-amino-5-cyano-benzvn-2- 
nxopyrrolidin-3-vllamide. 

The title compound is prepared as described in EXAMPLE 115, Part E, using 
35 tert-butyl sulfonyl chloride in place of 7-methoxynaphthalene sulfonyl chloride. 
The title compound is obtained as a yellow solid. 
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1 H NMR (CDCIg, 300 MHz) 8 7.80 (d, 2H), 7.55 (d. 2H), 7.35 (dd, 1H), 7.25 (d, 
1H), 6.60 (d, 1H), 5.15 (s, 1H), 4.90 (s, 2H), 4.28 (AB, 2H), 3.75 (m, 1H), 3.20 
(m, 2H), 2.55 (m, 1 H), 2.03 (m, 1 H), 1 .30 (s, 9H). 

5 B. 4-Amino-3-r3WS^-r4-tert-butylben zenesulfonylaminQV2-oxoDvrrolidin-1-vl- 
methvllbenzami dine trifluoroa estate. 

4-tert-Butylbenzene-2-sulfonic acid [1-(2-amino-5-cyanobenzyl)-2- 
oxopyrrolidin-3-yl]amide is converted to the. title compound as described in 
EXAMPLE 24, Part C. The crude product is purified by RP-HPLC eluting with a 
1 0 gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/ H 2 0 (0. 1 % TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 8.80 (s, 1 H), 8.30 (bs, 2H), 8.05 (d, l h), f .80 
(d, 2H),-7.60 (d, 2H),7.50(d, 1H), 7.40 (s, 1H), 6.70 (d, 1H), 6.20 (bs, 2H), 4.20 
15 (AB, 2H), 4.10 (m, 1H), 3.15 (m, 2H), 2.05 (m, 1H), 1.50 (m, 1H), 1.25 (s, 9H). 
FAB MS, [M+H]*=444. Elemental analysis calculated with 0.5 mmol of excess 
TFA cal. C=48.86%, H=5.00%, N=11.39%, found C=49.10%, H=5.21%, 
N=11.56%. 

20 EXAMPLE 119 

3-Amino-5-r3-(S)-(7-methoxvnaDhthalene-2-sulfn nvlamino^-2-oxoDvrrolidin-1- 
Vl-methvllbenzamidine bistrifluoroacetata. 

A. 3-Amino-5-methylhenzonitrile. 
25 The title compound is prepared as described in EXAMPLE 1 15 f Pa;f A •::-ing 3- 
methyl-5-nitro-benzonitrile as the starting material. 

1 H NMR (CDCIg, 300 MHz) 8 6.83 (s, 1 H), 6.70 (s, 1 H), 6.68 (s, 1 H), 3.70 (bs, 
2H), 2.30 (s, 3H). 

30 B. 3-fBenz hvdrylidenylaminoV5-methvlbenzonitrila. 

The title compound is prepared as described in EXAMPLE 115, Part B, using 
3-amino-5-methylbenzonitrile in place of 4-amino-3-methylbenzonitrile. 
1 H NMR (CDCI 3 , 300 MHz) 87.73 (d, 2H), 7.45 (m, 2H), 7.30 (m, 4H), 7.05 (dd, 
2H), 7.00 (s, 1H), 6.78 (s, 2H), 6.71 (s, 1H), 2.20 (s, 3H). El MS, [M] + =296. 

35 

C. 3-(Benzhydryli denvlaminoV5-bromomethylbenzonitrile. 
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The title compound is prepared as described in EXAMPLE 115, Part C using 3- 
(benzhydrylidenylamino)-5-methylbenzonitrile as the starting material. 
1 H NMR (CDCI 3 , 300 MHz) 8 7.75 (d, 2H), 7.50 (m, 1H), 7.40 (m, 2H), 7.30 (m, 
4H), 7.05 (m, 2H), 6.95 (s, 1H), 6.89 (s, 1H), 4.30 (s, 2H). El MS, [M] + =374. 

5 

D. (1-f3-yBenzhvdrvlidenylaminoV5-cyano-benzvl]-2-oxoDyrrolidin-3-vl>- 
carbamic acid tert-butyl ester. 

The title compound is prepared as described in EXAMPLE 23, Part B 
substituting 3-(benzhydrylidenylamino)-5-bromomethylbenzonitrile for ct- 

1 0 bromo-m-toluyl nitrile. The crude material is purified by column 

chromatography eluting with a gradient of 30% EtOAc/ hexanes to 40% 
EtOAc/hexanes. The title compound is obtained as a yellow solid. 
1 H NMR (CDCLj, 300 MHz) 8 7.75 (d, 2H), 7.50 (m, 1H), 7.40 (m, 2H), 7.30 (m, 
4H), 7.10 (m, 1H), 6.95 (s, 1H), 6.65 (s, 1H), 5.10 (bs, 1H), 4.30 (AB, 2H), 4.05 

15 (m, 1 H), 3.85 (m, 2H), 2.55 (m, 1 H), 1 .75 (m, 1 H), 1 .40 (s, 9H). El MS, [M] + =495. 

E. 7-Methpxynaphthalene-2-?ulfQniP acid [1-(3-benzhydrylidenylaminp-5- 
cvanobenzvn-2-oxoDvrrolidin-3-vHamide. 

The title compound is prepared as in EXAMPLE 115, Part E, substituting {1-[3- 
20 (benzhydrylidenylamino)-5-cyanobenzyl]-2-oxopyrrolidin-3-yl}carbamic acid 
tert-butyl ester for {1-[2-(benzhydrylidenylamino)-5-cyanobenzyl]-2- 
oxopyrrolidin-3-yl}carbamic acid tert-butyl ester. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.35 (s, 1H), 7.90 (d, 1H), 7.80 (d, 1H), 7.75 (dd, 
1 H), 7.70 (d, 2H), 7.50 (m, 1H), 7.40 (m, 2H), 7.25 (m, 5H), 7.00 (m, 4H), 6.55 (s, 
25 1 H), 5.25 (s, 1 H), 4.25 (AB, 2H), 3.95 (s. 3H), 3.65 (m, 1 H), 2.80 (m, 2H), 2.45 
(m, 1H), 1.95 (m, 1H). FAB MS, [M+H] + =615. 

F. 3-Amino-5-r3-fSVr7-methoxvnaDhthalene -2-sulfonvlaminoV2-oxoDvrrolidin- 
1 -vl-methvllbenzamidine bistrifluoroacetate. 

30 7-Methoxynaphthalene-2-sulfonic acid [1-(3-benzhydrylidenylamino-5-cyano- 
benzyl)-2-oxopyrrolidin-3-yl]amide is converted to the title compound as 
described in EXAMPLE 24, Part C. The crude product is purified by RP-HPLC 
eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/ H 2 0 
(0.1% TFA) and the appropriate product fractions are lyophilized to provide the 

35 title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 6 9.15 (s, 1H), 9.00 (bs, 2H), 8.35 (s, 1H), 8.20 (d, 
1H), 8.05 (d, 1H), 7.95 (d, 1H), 7.70 (dd, 1H), 7.60 (d, 1H), 7.20 (dd, 1H), 6.70 
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(s, 1H), 6.65 (s, 1H), 6.60 (s, 1H), 5.80 (bs, 2H), 4.20 (AB, 2H), 4.10 (m, 1H), 
3.90 (s, 3H), 3.00 (m, 2H), 2.00 (m, 1H), 1.50 (m, 1H). FAB MS, [M+H] + =468. 
Elemental analysis calculated with 1 mmol of excess TFA cal. C=43.02%, 
H=3.49%, N=8.65%, found C=43.51%, H=3.82%, N=8.89%. 

5 

EXAMPLE 120 

f4-fAminoiminomethvn-2-f3-(7-methoxvnaDhthalene-2-sulfonvlamino)-2- 
oxopvrrolidin-1-vlmethyl|phenoxvlacetic acid methvl ester trifluoroacetate. 

10 A. 4-Hvdroxv-3-methvlbenzonitrile. 

To a solution of 4-bromo-3-methylbenzonitrile (7.07 g, 36.1 mmol) in 225 mL of 
THF at -78°C is added a 1.7 M solution of tert-butyl lithium (45.6 mL, 77.6 
mmol) in pentane. After 5 minutes, CuBr-SMe 2 (15.9 g, 77.6 mmol) is added. 
The resulting solution is stirred for 10 minutes, then 0 2 is slowly bubbled 

1 5 through the reaction mixture for 30 minutes. After this time, the solution is 
allowed to warm to ambient temperatures. The solution is stirred for 16 hours. 
The solution is then poured into 100 mL of H 2 0. The solution is diluted with 
EtOAc. The layers are separated. The organic layer is washed with saturated 
NH 4 S0 4 solution. The organic layer is then extracted with 10 N NaOH. The 

20 collected aqueous basic layers are acidified to pH=6 with 6N HCI. The solution 
is then extracted with EtOAc. The combined organic layers are dried over 
MgS0 4 , filtered and concentrated. The title compound is obtained as a so!id. 
'H NMR (CDCI 3 , 300 MHz) 8 9.00 (s, 1H), 7.45 (s, 1H), 7.40 (d, 1H), 6.80 (d, 
1H),2.26(s,3H). El MS, [M] + =133. 

25 

B. (4-Cvano-2-methylphenoxvtecetic acid methvl ester. 
Methyl bromoacetate (0.56 mL, 5.92 mmol) is added to a solution of phenol 
(0.70 g, 5.29 mmol), KjCOg (1.6 g, 11.6 mmol) and tetrabutyl ammonium iodide 
(0.57 g, 1.53 mmol) in 30 mL of DMF. The resulting solution is heated to 80°C 

30 for 16 hours. The solution is then cooled to ambient temperatures. The 

solution is diluted with EtOAc. The resulting solution is washed with H z O and 
saturated NaCI. The organic layer is dried over MgS0 4 , filtered and 
concentrated. The crude product is purified by column chromatography eluting 
with a gradient of 10% EtOAc/hexanes to 50% EtOAc/hexanes to afford ^he title 

35 compound (1 .4 g, 0.8 mmol). 

1 H NMR (CDCI3, 300 MHz) 8 7.45 (m, 2H), 6.70 (d, 1H), 4.68 (s, 2H), 3.80 (s, 
2H), 2.25 (s, 3H). El MS, [M] + =205. 
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C. (2-Bromomethvl-4-cvanophenoxv)acetic acid methyl ester. 
The title compound is prepared as described in EXAMPLE 115, Part C, 
substituting (4-cyano-2-methylphenoxy)acetic acid methyl ester for 
5 4-(benzhydrylidenyiamino)-3-methylbenzonitrile. The title compound is 
obtained as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.65 (d, 1H), 7.55 (dd, 1H), 6.80 (d, 1H), 4.80 (s, 
2H), 4.55 (s, 2H), 3.80 (s, 3H). El MS, [M] + =283. 

10 D. r2-f3-tert-Butvoxvcarbonylamino-2-oxopvrroiidin-1-vlmetr>vn-4-cvano- 
phenoxvlacetic acid methvl ester. 

The title compound is prepared as described in EXAMPLE 23, Part B, 
substituting (2-bromomethyl-4-cyanophenoxy)acetic acid methyl ester for 
a-bromo-m-toluylnitrile. The title compound is obtained as a white solid. 
15 1 H NMR (CDCI 3 , 300 MHz) 8 7.55 (m, 2H), 6.78 (d, 1H), 5.10 (bs, 1H), 4.70 (s, 
2H), 4.55 (AB, 2H), 4.15 (m, 1H), 3.80 (s, 3H), 3.20 (m, 2H), 2.60 (s, 2H), 1.90 
(m, 1H), 1.58 (s, 9H). 

E. {4-Cvano-2-r3-f7-methoxvnaphthalene-2-sulfonvlamino)-2-oxopvrrolidin-1- 

20 vlmethvnphenoxvlacetic acid methvl ester. 

The title compound is prepared as described in Example 115, Part E 
substituting (2-bromomethyl-4-cyanophenoxy)acetic acid methyl ester for {1-[2- 
(benzhydrylidenylamino)-5-cyanobenzyl]-2-oxopyrrolidin-3-yl}carbamic acid 
tert-butyl ester. The title compound is obtained as a white foam. 

25 1 H NMR (CDCI3, 300 MHz) 8 8.35 (s, 1 H), 7.90 (d, 1 H), 7.75 (dd, 1 H), 7.55 (dd, 
1H), 7.42 (d, 1H), 7.30 (dd, 1H), 7.20 (m, 1H), 6.70 (d, 1H), 5.40 (d, 1H), 4.65 (s, 
2H), 3.95 (s, 3H), 3.70 (m, 1H), 3.20 (m, 2H), 2.50 (m, 1H), 2.05 (m, 1H). FAB 
MS, [M+H] + =524. 

30 F. {4-fAminoiminomethvn-2-f3-f7-methoxvnaphthalene-2-sulfonvlamino)-2- 
oxopvrrolidin-1-vlmethvllDhenoxv)acetic acid methvl ester trifluoroacetate. 
The title compound is prepared as described in EXAMPLE 32, Part C, 
substituting {4-cyanc~2-[3-(7-methoxynaphthalene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]-phenoxy}acetic acid methyl ester for of 7- 

35 benzyloxynaphthalene-2-sulfonic acid [1-(3-cyanobenzyl)-2-oxopyrrolidin-3- 
(S)-yl]amide. The title compound is obtained as a white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 8 9.00 (bs, 4H), 8.30 (s, 1H), 7.97 (d, 1H), 7.90 
(d, 1H), 7.65 (m, 2H), 7.50 (s, 1H), 7.37 (s, 1H), 7.25 (dd, 1H), 7.10 (d, 1H), 4.95 
(AB, 2H), 4.30 (AB, 2H), 4.05 (m, 1H), 3.80 (s, 3H), 3.60 (s, 3H), 3.15 (m; 2H), 
1.95 (m, 1H), 1.55 (m, 1H). FAB MS, [M+H] + =541. Elemental analysis 
5 calculated with 3.4 mmol of H 2 0 cal. C=46.98%, H=5.04%, N=7.83%, found 
C=46.99%, H=4.84%, N=8.10%. 

EXAMPLE 121 

f4-fAminoiminomethvn-2-r3-f7-methoxvnaphthale ne-2-sulfonylamino^-2- 
10 oxopvrrolidin-1-vlmethvnDhenoxv}aceti c acid trifluoroacetata. 

To a solution of {4-(aminoiminomethyl)-2-[3-(7-methoxynaphthalene-2- 
sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]-phenoxy}-acetic acid methyl ester 
trifluoroacetate (0.1 g, 0.18 mmol), prepared as in EXAMPLE 120, Part E, in 2 

15 mL of EtOH is added 1 0 N NaOH (0.05 mL). The solution is stirred for 5 hours. 
After this time, the solution is concentrated. The residue is dissolved in 2 mL of 
H 2 0 and the pH is adjusted to 3 using 1 N HCI. The solid which forms is 
collected by filtration. The solid is purified by RP-HPLC eluting with a gradient 
of 10%CH 3 CN/H 2 O (0.1% TFA) to 100% CH 3 CN. The appropriate fraction are 

20 lyophilized to afford the title compound (0.05 g, 0.7 mmol) as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 5 9.10 (bs, 2H), 8.70 (bs, 2H), 8.35 (s, 1 H), 8.15 
(d, 1H), 8.00 (d, 1H), 7.90 (d, 1H), 7.70 (m, 2H), 7.50 (s, 1H), 7.45 (s, 1H), 7.30 
(m, 1H), 7.10 (m, 1H), 4.85 (s, 1H), 4.30 (AB, 2H), 4.05 (m, 1H), 3.80 (s, 3H), 
3.10 (m, 2H), 1.95 (m, 1H), 1.55 (m, 1H). FAB MS, [M+H] + =527. Elemental 

25 analysis cal., C=46.16%, H=3.74%, N=7.42%, found C=45.98%, H=3.87%, 
N=7.75%. 

EXAMPLE 122 

4-f3-Amino-2-oxo-pyrroli dine-1-vlmethvnthiophene-2-carbonitrile 
30 hydrochloride 

A. 5-lodothiophene-3-carboxaldehyde. 

To a solution of thiophene-3-carboxaldehyde (36 g, 321 mmol) in 80 mL of 
CCI 4 and 60 mL of H 2 0 is added 2.5 mL of cone. H 2 S0 4 in 160 mL of acetic 
35 acid. To the resulting solution is added HI0 3 (14 g, 80 mmol) and l 2 (38 g, 150 
mmol). The solution is refluxed for 6 hours. After this time, the reaction is 
cooled to ambient temperatures and 200 mL of CHCI 3 is added. The layers are 
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separated. The aqueous layer is extracted with CHCI 3 . The organic layers are 
combined and washed with 0.5 M Na 2 S 2 0 3 , sat. NaHC0 3 and sat. NaCI. The 
organic layer is dried over MgS0 4 , filtered and concentrated. The crude 
product is purified by column chromatography eluting with gradient of 2% 
5 EtOAc/ hexanes to 5% EtOAc/hexanes to afford the title compound (20 g, 84 
mmol) as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 9.78 (s, 1H), 8.10 (s, 1H), 7.69 (s, 1 H). 

B. (5-lodothiophene-3-ynmethanol. 

10 To a solution of 5-iodothiophene-3-carboxaldehyde (42 g, 176 mmol) in 800 
mL of THF is added NaBH 4 (7 g, 185 mmol). After 1hour, the reaction is 
quenched by the addition of 100 mL of sat. NH 4 CI. The resulting solution is 
diluted with 1 L of EtOAc. The layers are separated. The organic layer is 
washed with H 2 0 and sat. NaCI. The organic layer is dried over MgS0 4 , filtered 

15 and concentrated. The title compound (42 g, 175 mmol) is obtained as so oil. 
1 H NMR (CDCI3, 300 MHz) 6 7.18 (s, 2H), 4.63 (s, 2H), 1.92 (bs, 1H). 

C. 4-Hvdroxvmethylthiophene-2- carbonitrile. 

To a solution of (5-iodothiophene-3-yl)methanol (42 g, 176 mmol) in 150 mL of 
20 DMF is added Zn(CN) 2 (12.4 g, 106 mmol) and Pd(PPh 3 ) 4 (8.13 g, 7.04 mmol). 
The solution is heated to 80°C. After 6 hours, the solution is diluted with 3 L of 
EtOAc. The resulting solution is washed with 1N NH 4 OH, H 2 0 and sat. NaCI. 
The organic layer is dried over MgS0 4 , filtered and concentrated. The crude 
product is purified by column chromatography eluting with gradient of 20% 
25 EtOAc/ hexanes to 30% EtOAc/ hexanes to afford the title compound (1 0 g, 72 
mmol) as a clear oil. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.59 (s, 1H), 7.46 (s, 1H), 4.67 (s, 2H), 2.42 (bs, 
1H). 

30 D. 4-Bromomethvlthiophene-2-carbon itrile. 

To a solution of 4-hydroxymethylthiophene-2-carbon itrile (10 g, 72 mmol), in 
360 mL of THF is added triphenyl phosphine (18.3 g, 76 mmol) and CBr 4 (25 g, 
76 mmol). After 3 hours, the solution is filtered and concentrated. The crude 
product is purified by column chromatography eluting with gradient of 5% 

35 EtOAc/ hexanes to 10% EtOAc/hexanes to afford the title compound (14 g, 69 
mmol) as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.62 (s, 1H), 7.49 (s, 1H), 4.42 (s, 2H). 
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E. (2-Oxopvrrolidin-3-rs i-vncarbamic acid tert-butvl ester. 
(S)-Boc-Diaminobutyric acid (25 g, 115 mmol), triethyi amine (35 g, 344 mmol), 
and hydroxybenzotriazole (19.3 g, 143 mmol) are dissolved in 300 mL of THF. 
5 1-(3-Dimethylaminopropyl)-3-ethylcarbodiiimide hydrochloride (27.4g, 143 
mmol) is added to the solution. The solution is heated to 60°C over 15 
minutes. A white precipitate forms and the solution is kept at 60°C for 4 hours. 
After this time, the solution is filtered and the collected liquid is concentrated. 
The crude product is purified by column chromatography in a gradient of 1% 
1 0 MeOH/CH 2 CI 2 to 3% MeOH/CH 2 CI 2 to afford the title compound (19.6 g, 98 
mmol) as a white solid. 

1 H NMR (CDCI 3 ,300MHz)86.17(bs, 1H), 5.08 (bs, 1H),4.12(m, 1H), 3.33 (m, 
2H), 2.65 (m, 1H), 2.00 (m, 1H), 1.42 (s, 9H). 

15 F. ri-(5-Cvanothiophene->3-vlmethvn-2-ox o Dvrrolidin-3-vncarbamic acid tert- 
butvl ester. 

To a solution of (2-oxopyrrolidin-3-(S)-yl)carbamic acid ferf-butyl ester (3.2 g, 
16 mmol) in 80 mL of THRDMF (10:1) at 0°C is added 4- 
bromomethylthiophene-2-carbonitrile (3.23 g, 16 mmol) and sodium hydride 

20 (60%) (0.67 g, 16.8 mmol). After addition, the solution is allowed to warm to 
ambient temperatures. After 2 hours, the solution is quenched by the addition 
ofsatNH 4 CI. The solution is diluted with H 2 0 and EtOAc. The layers are 
separated. The organic layer is washed with H 2 0 and sat. NaCI. The organic 
layer is dried over MgS0 4 , filtered and concentrated. The crude product is 

25 purified by column chromatography eluting with gradient of 20% EtOAc/CH 2 CI 2 
to 30% EtOAc/CH 2 CI 2 to afford the title compound (4 g, 13.8 mmol) as a white 
solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.51 (s, 1H), 7.45 (s, 1H), 5.12 (bs, 1H), 4.42 (AB, 
2H), 4.12 (m, 1H), 3.27 (m, 2H), 2.58 (m, 1H), 1.93 (m, 1H), 1.42 (s, 9H)„. 

30 

G. 4-(3-Amino-2-oxopvrrolidine-1-v[m ethvnthionhene-2-carbonitrile 
hydrochloride 

[1 -(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-yl]carbamic acid tert-butyl 
ester (4 g, 13.8 mmol) is added to a solution of 100 mL of EtOAc sat. with HCI 
35 gas at 0°C. After 3 hours, the solution is concentrated. The title compound (3.3 
g, 13.5 mmol) is obtained as a white solid. 
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1 H NMR (DMSO-d 6l 300 MHz) 8 8.61 (bs, 3H), 7.96 (s, 1H), 7.82 (s, 1H), 5.12 
(bs, 1H), 4.42 (AB, 2H), 4.00 (m, 1H), 3.27 (m, 2H), 2.31 (m, 1H), 2.03 (m, 1H). 

EXAMPLE 123 

5 5-(3-Amino-2-oxoDvrrQlidine-1-vlmeth y|)thiODhene-2-carbonitrile hyrirnr.hlnririp 

A. ^5-Bromothin phene-2-ynmethannl 

To a solution of 5-bromothiophene-2-carboxaldehyde (15 g, 79 mmol) in 250 
mL of THF is added NaBH 4 (3 g, 86 mmol). After 1hour, the reaction is 

1 0 quenched by the addition of 100 mL of sat. NH 4 CI. The resulting solution is 
diluted with Et z O. The layers are separated. The organic layer is washed with 
H 2 0 and sat. NaCI. The organic layer is dried over MgS0 4 , filtered and 
concentrated. The crude product is purified by column chromatography eluting 
with gradient of 5% EtOAc/ hexanes to 10% EtOAc/hexanes to afford the title 

15 compound (13.7 g, 71 mmol) as an oil. 

'H NMR (CDCI 3 , 300 MHz) 5 6.91 (d, 1H), 6.74 (d, 1H), 4.72 (s, 2H), 2.16 (bs, 
1H). 

B. 5-Hvdroxvmethvlthio nhene-2-carhonitrilP 

20 The title compound is prepared as described in EXAMPLE 122, Part C using 
(5-bromothiophene-2-yl)methanol as the starting material. The crude product 
is purified by column chromatography eluting with gradient of 20% 
EtOAc/hexanes to 30% EtOAc/hexanes to afford the title compound as a clear 
oil. 

25 1 H NMR (CDCI 3 , 300 MHz) 5 7.52 (d, 1 H), 6.97 (d, 1 H), 4.87 (s, 2H), 2.26 (bs, 
1H). 

C. 5-Bromometh ylthioDhene-2-carbonitrilp. 

The title compound is prepared as described in EXAMPLE 122, Part D using 
30 5-hydroxymethylthiophene-2-carbonitrile as the starting material. The crude 
product is purified by column chromatography eluting with gradient of 10% 
EtOAc/hexanes to 20% EtOAc/hexanes to afford the title compound as a white 
solid. 

1 H NMR (CDCI 3 , 300 MHz) 6 7.49 (d, 1H), 7.09 (d, 1H), 4.66 (s, 2H). 

35 

D. n-f5-CvanothiODhene-2-vlmRthyl)-P-nYn D vrrolidin-3-yncarbamin arid tP»1- 
butvl ester. 
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The title compound is prepared as described in EXAMPLE 122, Part F using 
5-bromomethylthiophene-2-carbonitrile in place of 4-bromomethylthiophene-2- 
carbonitrile. The crude product is purified by column chromatography eluding 
with gradient of 10% EtOAc/CHsjClj to 30% EtOAc/ CH^CIj to afford the title 
5 compound as a white solid. 

1 H NMR (CDCI 3> 300 MHz) 5 7.51 (d, 1H), 6.98 (d, 1H), 5.09 (bs, 1H), 4.64 (AB, 
2H), 4.17 (m, 1H), 3.30 (m, 2H), 2.62 (m, 1H), 1.93 (m, 1H), 1.43 (s, 9H). 

E. 5-(3-Amino-2-oxopyrrolidine-1-vlmethynthiophene-2-carbonitrile 

10 hydrochloride 

The title compound is prepared as described in EXAMPLE 122, Part G using 
[1 -(5-cyanothiophene-2-ylmethyl)-2-oxopyrrolidin-3-yl]carbamic acid tert-butyl 
ester as the starting material. The title compound is obtained as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 6 8.59 (bs, 3H), 7.90 (d, 1 H), 7.62 (d, 1H), 5.10 

15 (bs, 1H), 4.63 (AB, 2H), 4.10 (m, 1H), 3.25 (m, 2H), 2.28 (m, 1H), 2.05 (m, 1H). 

EXAMPLE 124 

5-f3-Amino-2-oxopvrrolidine-1-vlmethvnthioDhene-3-carbonitrile hydrochloride 

20 A. r4-BromothioDhene-2-vnmethanol. 

The title compound is prepared as described in EXAMPLE 123, Part A using 4- 
bromothiophene-2-carboxaldehyde as the starting material. The title 
compound is obtained as a clear oil. 
El MS, [M] + =192. 

25 

B. 5-Hvdroxvmethylthiophene-3-carbonitrile. 

The title compound is prepared as described in EXAMPLE 122, Part C using 
(5-bromothiophene-2-yl)methanol as the starting material. The crude product 
is purified by column chromatography eluting with gradient of 20% 
30 EtOAc/hexanes to 40% EtOAc/hexanes to afford the title compound as a clear 
oil. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.83 (s, 1H), 7.12 (s, 1H), 4.80 (AB, 2H), 2.27 (bs, 
1H). El MS, [M] + =139. 



35 



C. 5-Bromomethylthiophene-3-carbonitrile. 

The title compound is prepared as described in EXAMPLE 122, Part D using 
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5-hydroxymethylthiophene-3-carbonitrile as the starting material. The crude 
product is purified by column chromatography eluting with gradient of 5% 
EtOAc/ hexanes to 15% EtOAc/ hexanes to afford the title compound as a white 
solid. 

5 1 H NMR (CDCI 3 , 300 MHz) 5 7.91 (d, 1 H), 7.27 (d, 1 H), 4.65 (s, 2H). 

D. ri-(4-CvanothioDhene-2-vlmethvn-2-oxopv rrolidin-3-vllcarbamic acid tert- 
butvl ester. 

The title compound is prepared as described in EXAMPLE 122, Part F using 
10 5-bromomethylthiophene-3-carbonitrile in place of 4-bromomethylthiophene-2- 
carbonitrile. The crude product is purified by column chromatography eluting 
with gradient of 20% EtOAc/CH^ to 40% EtOAc/ CH 2 CI 2 to afford the title 
compound as a white solid. 

1 H NMR (CDCI 3> 300 MHz) 8 7.86 (s, 1H), 7.14 (s, 1H), 5.09 (bs, 1H), 4.62 (AB, 
15 2H), 4.16 (m, 1H), 3.30 (m, 2H), 2.62 (m, 1H), 1.90 (m, 1H). 1.42 (s, 9H). 

E, 5-f3-Amino-2-oxopvrro[idine-1-vlmethvl>thiophene -3-carbonitrile 
hydrochloride 

The title compound is prepared as described in EXAMPLE 122, Part G using 
20 [1-(4-cyanothiophene-2-ylmethyl)-2-oxopyrrolidin-3-yl]carbamic acid tert-butyl 
ester as the starting material. The title compound is obtained as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.72 (bs, 3H), 7.81 (s, 1H), 7.35 (s, 1H), 5.10 (bs, 
1H), 4.63 (AB, 2H), 4.40 (m, 1H), 3.38 (m, 2H), 2.62 (m, 1H), 2.50 (m, 1H). 

25 EXAMPLE 125 

4-f3-($)-(7-MethoxvnaDhthalene -2-sulfonvlaminoV2-oxopvrrolidin-1-vlmethvl]. 
thiophene-2-carboxamidine trifl uoroacetate. 

A. 7-Methoxvnanhthalene-2-sulf onic acid, sodium salt 

30 To a suspension of 7-hydroxynaphthalene-2-sulfonic acid, sodium salt (10 g, 
40.2 mmol) in 150 mL of 2:1 H 2 0/ethanol if .dded solid NaOH (1.79 g, 44.7 
mmol) at room temperature. The mixture i stirred until a homogenous solution 
forms, and dimethyl sulfate (4.23 mL, 44.7 mmol) is then added. A precipitate 
eventually forms and the mixture is stirred over a period of 16 hours. The crude 

35 mixture is concentrated in vacuo and the residue is stirred in 100 mL of 

absolute EtOH as a slurry for 2 hours. The precipitate is filtered and dried. The 
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solid is heated at reflux in 100 mL of 95% EtOH for 2 hours, allowed to cool to 
room temperature, filtered and dried to give 8.12 g of the title compound. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 8.07 (s,1H), 7.78 (m, 2H), 7.54 (dd, 1H), 7.38 
(s, 1H), 7.14 (dd, 1H),3.86 (s, 3H) 

5 

B. 7-MethoxvnaDhthalene-2.fiiilf onvl chlnrirta 

A mixture of 7-methoxynaphthalene-2-sulfonic acid, sodium salt (8.12 g, 31.1 
mmol) in 80 mL of thionyl chloride is heated at 80°C for 3 hours. A few drops of 
DMF is added with vigorous bubbling resulting and the mixture is heated for an 

10 additional 1.5 hours. The mixture is allowed to cool to room temperature and 
concentrated in vacuo. The residue is diluted in EtOAc and washed 
successively with water (2x), 1 N HCI solution and saturated NaCI. The . 
organic layer is dried over anhydrous MgS0 4 , filtered and concentrated. The 
crude product is purified by column chromatography eluting with 20% 

1 5 EtOAc/hexanes to afford the title compound (5.2 g, 20.2 mmol) as a white solid. 
1H NMR (CDCI 3 , 300 MHz) d 8.49 (d, 1H), 7.96 (d, 1H), 7.85 (d, 2H), 7.39 (dd, 
1H), 7.29 (d, 1H), 3.99 (s, 3H). El MS, [M]+=256. 

Q. 7-Methoxvnaphthqlene-2-sulfonicacid-n-f5-nv RnothioDhen-3-vlmethvn-2- 
20 oxoDvrrolidi n-3-rSVvl]amirift 

To a solution of 4-(3-Amino-2-oxopyrrolidine-1-ylmethyl)thiophene-2- 
carbonitrile hydrochloride (0.43 g, 1.8 mmol), prepared as in EXAMPLE 122, in 
10 mL of CH 2 CI 2 is added 7-methoxynaphthalene-2-sulfonyl chloride (0.51 g, 
2 mmol) and triethyl amine (0.55 g, 5.4 mmol). After 16 hours, the solution is 

25 diluted with EtOAc and H 2 0. The layers are separated. The organic layer is 
washed with 1 N HCI, sat. NaHC0 3 and sat. NaCI. The organic layer is dried 
over MgS0 4 , filtered and concentrated. The crude product is purified by 
column chromatography eluting with gradient of 10% EtOAc/ CH 2 CI 2 to 20% 
EtOAc/CH 2 CI 2 to afford the title compound (0.50 g, 1.22 mmol) as a white solid. 

30 1 H NMR (CDCI 3 , 300 MHz) 8 8.32 (s, 1 H), 7.90 (d, 1 H), 7.82 (d, 1 H), 7.73 (dd, 
1H), 7.42 (s, 1H), 7.36 (s, 1H), 7.30 (dd, 1H), 7.26 (m, 1H), 5.33 (bs, 1H), 4.29 
(AB, 2H), 3.95 (s, 3H), 3.70 (m, 1H), 3.22 (m, 2H), 2.61 (m, 1H), 2.08 (m, 1H). 

D. 4-r3-(S)-(7-MethoxvnaDhthale ne-2-sulfonvlaminoV2-nxnpvrrolidin-1- 
35 vlmethvnthi oDhene-2-carboxamidine trifluoroacetata. 

To a solution of 7-methoxynaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide (0.3 g, 0.73 mmol) in 20 ml. of 
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EtOAc:CH 2 Cl2 (2:1) at 0°C is bubbled HQ, gas for 5 minutes. After 5 hours, the 
solution is concentrated. The resulting residue is dissolved in 20 ml_ of MeOH 
and cooled to 0°C. Ammonia gas is bubbled into the solution for 
5 minutes. After this time the solution is heated to 50°C for 3 hours. The 
5 solution is then concentrated. The resulting crude material is purified by 
RP-HPLC eluting with a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% 
CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound (0.1 3 g, 0.23 mmol) as a white solid. 
1 H NMR (DMSO-d 6l 300 MHz) 8 9.26 (bs, 2H), 9.07 (bs, 2H), 8.33 (bs,1H), 8.16 
10 (d,1H), 7.98 (d, 1H), 7.91 (d, 1H), 7.82 (s, 1H), 7.69 (dd, 1H), 7.53 (s, 1H), 7.30 
(dd, 1H), 4.31 (AB, 2H), 4.08 (m, 1H), 3.87 (s, 3H), 3.06 (m. 2H), 3.06 (m, 2H), 
1.95 (m, 1H), 1.55. FAB MS, [M+H] + = 458. Elemental analysis calculated with 
1 mmol of H 2 0 and 1.5 mmol of excess TFA cal. C=45.64%, H=4.07%, 
N=8.87%, found C=45.88%, H=3.97%, N=9.12%. 

15 

EXAMPLE 126 

4-f3-f$)-r(7-MethnyYnHPhthalene-2-siilfonvnmfithvl a m ino1.2-oynnvrrnliHin-i. 
ylmethyinhiophenfi-P-oarboxamiriinA tr jfiuoroaretatP 

20 A- 7-Methoxvnaphthalene-P-sulfonicaniri-fi -f5-cvanr>thin P hen-3-vlmPthx/n.9. 
Oxopvrrolidin-3-fSVvnmfithvlamiHo 

To a solution of 7-methoxynaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide (2.36 g, 5.35 mmol), prepared as In 
EXAMPLE 125, Part C, in 16 mL of DMF is added Mel (1.14 g, 8.03 mmol) and 

25 KjCOg (1 .1 1 g, 8:03 mmol). After 16 hours, the solution is diluted with EtOAc 
and H 2 0. The layers are separated. The organic layer is washed with H 2 0 and 
sat. NaCI. The organic layer is dried over MgS0 4 , filtered and concentrated. 
The crude product is purified by column chromatography eluting with gradient 
of 5% EtOAc/CH 2 CI 2 to 15% EtOAc/ CH 2 CI 2 to afford the title compound (2.30 g, 

30 5.05 mmol) as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.40 (s, 1H), 7.91 (d. 1H), 7.82 (s, 1H), 7.78 (s, 
1H), 7.46 (s, 1H), 7.39 (s. 1H), 7.27 (m, 2H), 4.88 (t, 1H), 4.40 (AB, 2H), 3.95 (s. 
3H), 3.26 (m, 2H), 2.80 (s, 3H), 2.38 (m, 1H), 2.05 (m, 1H). 



35 



B. 4-{3-($)-r(7-Methoxvnaphthalen^P-R u |fonvhmethvlamino1-2-nyn P y r r n |j ff i r | 
1-vlmethvmhioDhanp.p.na rboxamiriinfi trifluoroacetatft 
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7-Methoxynaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]methylamide is converted to the title compound as 
described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
5 TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.24 (bs, 2H), 8.97 (bs, 2H), 8.39 (s,1H), 8.02 
(d,1H), 7.95 (d, 1H), 7.91 (s, 1H), 7.80 (s. 1H), 7.68 (dd, 1H), 7.55 (s, 1H), 7.32 
(dd, 1H), 4.86 (t, 1H), 4.37 (AB, 2H), 3.87 (s, 3H), 3.46 (m, 1H), 3.14 (m, 1H), 
1 0 2.46 (s, 3H), 1 .95 (m, 1 H), 1 .74 (m, 1 H). FAB MS, [M+H] + = 473. Elemental 
analysis calculated with 1.5 mmol of H 2 0 cal. C=46.98%, H=4.60%, N=9.13%, 
found C=46.86%, H=3.97%, N=4.29%. 

EXAMPLE 127 

15 2-rf1-f5-CarbamimidovlthioDhene-3-vlmethyn-2-oxopyrr olidin-3-fSVylK7- 

methoxynaphthaiene-2-suifonyi)aminolacetamide trifiuoroacetate. 

A. 2-rri-f5-CvanothioDhene-3-vlmethvn-2-oxoDvrrolidin-3-fS^-vnf7- 
methoxvnaDhthalene-2-sulfonynaminolacetic a cid tert-butyl ester. 

20 The title compound is prepared as in EXAMPLE 126, Part A using tert-butyl- 
bromoacetate in place of Mel to give the title compound as a white foam. 
'H NMR (CDCI 3 , 300 MHz) 6 8.42 (s, 1H), 7.78 (m, 3H), 7.48 (s, 1H), 7.39 (s, 
1H), 7.25 (m, 2H), 4.52 (t, 1H), 4.40 (AB, 2H), 4.22 (AB, 2H), 3.95 (s, 3H), 3.26 
(m, 2H), 2.52 (m, 1H), 2.42 (m, 1H), 1.43 (s, 9H). 

25 

B. 2-rri-(5-CvanothioDhene-3-vlmethvlV2-oxopyrrolidin-3-rSVvllf7- 
methoxynaphthalene-2-sulfonynamino]acetic acid. 

To a solution of 2-[[1-(5-cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]- 
(7-methoxynaphthalene-2-sulfonyl)amino]acetic acid tert-butyl ester (0.40 g, 
30 0.72 mmol) in 1 5 mL of CH 2 CI 2 is added 5 mL of TFA. After 2 hours, the 
solution is concentrated to give the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.36 (s, 1 H), 7.91 (d, 1 H), 7.80 (d, 1H), 7.68 (d, 
1H), 7.50 (s, 2H), 7.31 (m, 1H), 7.25 (m, 1H), 7.14 (m, 1H), 4.73 (t, 1H), 4.47 (s, 
2H), 3.95 (s, 3H), 3.92 (AB. 2H), 3.32 (m, 2H), 2.42 (m, 1H), 2.13 (m, 1H). 

35 

C. 2-m -r5-Cvanothiophene-3-vlme thvn-2-oxoDvrrolidin-3-f Sl-vn(7. 
methoxvnaDhthalene-2-sulfonvnaminolacetamide. 
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To a solution of 2-[[1-(5-cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]- 
(7-methoxynaphthalene-2-sulfonyl)amino]acetic acid (0.40 g, 0.80 mmol) in 6 
mL of THF at -15°C is added triethyl amine (0.10 g, 0.96 mmol) and ethyl 
chloroformate (0.09 g, 0.84 mmol). The solution is stirred for 1 hour. After this 
5 time, NH 4 OH (0.07 mL, 0.90 mmol) is added and the solution is allowed to 
warm to ambient temperatures. After 16 hours, the solution is diluted w*.h 
EtOAc. The solution is washed with 1 N HCI, sat. NaHC0 3 and sat. NafJi. The 
organic layer is dried over MgS0 4 , filtered and concentrated. The title 
compound (0.28 g, 0.56 mmol) is obtained as a white foam. 
10 1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (s, 1H), 7.88 (m, 3H), 7.38 (m, 4H), 4.51 (AB, 
2H), 4.12 (m, 1H), 3.95 (s, 3H), 3.78 (AB, 2H), 3.26 (m, 2H), 2.32 (m, 2H). 

P. 2-fn-f5-Carbamimidovlthiophene-3-vlmethvn. 2-oxoDvrrolidin-3-fS^-yHr7- 
methoxvnaphthalene-2-sulfon vnaminolacetamide trifluoroacetate. 

1 5 2-[[1 -(5-Cyanothiophene-3-ylmethyl)-2-oxopyrroIidin-3-(S)-yl]-(7- 

methoxynaphthalene-2-sulfonyl)amino]acetamide is converted to the title 
compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 

20 lyophilized to provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.23 (bs, 2H), 8.91 (bs, 2H), 8.41 (s,1H), 7.92 
(m,3H), 7.78 (m, 2H), 7.58 (m, 2H), 7.32 (dd, 1H), 7.20 (m, 1H), 4.78 (t, 1H), 
4.38 (AB, 2H), 3.90 (s, 3H), 3.67 (AB, 12H), 3.18 (m, 2H), 2.04 (m, 2H). FAB 
MS, [M+H]*=516. 

25 

EXAMPLE 128 

4-(3>fS)-r(7-M6thoxvnaphthalen e-2-sulfonvhbenzvlaminQl-2-oxopvrrolidin-1- 
ylmethvmhiophene-2-carboxamidine trifluoroacetate. 

30 A. 7-Methoxvnaohthalene -2-sulfonic acid-f 1 -(5-cvanothioDhen-3-vlmethyn-2- 
oxopvrrolidin-3-(SVvnbenzvlamide. 

The title compound is prepared as in EXAMPLE 126, Part A using ben:-..'! 
bromide in place of Mel to give the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 58.44 (s, 1H), 8.00 (s, 1H), 7.91 (m, 1H), 7.79 (d. 
35 1 H), 7.53 (d, 1 H), 7.23 (m, 8H) 4.52 (m, 3H), 4.36 (AB, 2H), 3.95 (s, 3H), 3.08 
(dd, 2H), 2.28 (m, 1H), 2.05 (m, 1H). 
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B. 4-(3-(SWff7-MethoxvnaDhthalene-2-sulfonvl>benzvlamino1-2-oxo-Dvrrolidin- 
1-vlmethvl)thiophene-2-carboxamidine trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]-benzylamide is converted to the title compound as 
5 described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 6 9.22 (bs, 2H), 9.08 (bs, 2H), 8.41 (s,1H)V 8.00 
10 (d,1H), 7.96 (d, 1H), 7.87 (s, 1H), 7.80 (m, 2H), 7.52 (s, 1H), 7.21 (m,-6H), 4.71 
(t, 1 H), 4.40 (AB, 2H), 4.24 (AB, 2H), 3.88 (s, 3H), 3.1 1 (m, 1 H), 2.93 (m. 1 H), 
2.12 (m, 1H), 1.62 (m, 1H). FAB MS, [M+H] + = 549. Elemental analysis cal. 
C=54.37%, H=4.41%, N=8.45%, found C=53.80%, H=4.45%, N=8.11% 

15 EXAMPLE 129 

4- f3-(SVf5-Chloro-3-methvlbenzofb1thio phene-2-sulfonvlaminQV2-oxo. 
pyrrolidin-1-vlmethvnthiophene-2-carboxamidine trifluoroanptats. 

A. 5-Chloro-3-mBthvlbenzofb]t hiophene -2-sulfonic acid-n-(5-cvanothiophen- 
20 3-ylmethvl)-2-oxopvrrolidin-3-fS)-vllamide. 

The title compound is prepared as in EXAMPLE 125, Part C using 5-ch!oro-3- 
methylbenzo[b]thiophene -2-sulfonyl chloride in place of 7-methoxy- 
naphthalene-2-sulfonyl chloride to give the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 5 7.89 (m, 2H), 7.43 (m, 3H), 5.69 (bs, 1H), 4.42 (s, 
25 2H), 3.90 (m, 1H), 3.26 (m, 2H), 2.70 (s, 3H), 2.62 (m, 1H), 1.89 (m, 1H). 

B. 4-r3-fS^-f5-Chlcro-3-methvl benzorb1thiophene-2-sulfonvlamino^2- 
oxopvrrolidin-1-vlmethvn-thioph ene-2-carboxamidine trifluoroacetate. 

5- Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid-[1-(5-cyanothiophen-3- 
30 ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as 

described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 
35 'H NMR (DMSO-d 6 , 300 MHz) 5 9.21 (bs, 2H), 8.87 (bs, 2H), 8.69 (d, 1 h), 8.04 
(m,2H), 7.80 (m, 2H), 7.54 (d, 1H), 4.31 (AB, 2H), 4.12 (m, 1H), 3.11 (m, 2H), 
2.58 (s, 3H), 2.03 (m, 1H), 1.60 (m, 1H). FAB MS, [M+H] + =483. 
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EXAMPLE 130 

5-(3-fSVrf7-MethoxvnaDhthalene-2-sulfonvnmethvlamino1-2-oxopvrrolidin-1- 
vlmethvmhiophene-3-carboxamidine trifluoroacetate. 

5 

A. 7-Methoxvnaphthalene-2-sulfonic acid M-(4- cvanothiophen-2-vlmethvn-2- 
oxoPvrrolidin-3-(SVvMamide. 

The title compound is prepared as in EXAMPLE 125, Part C using 5-(3-amino- 
2-oxopyrrolidine-1-ylmethyl)thiophene-3-carbonitrile hydrochloride, prepared 
10 as in EXAMPLE 124, in place of 4-(3-amino-2-oxopyrrolidine-1-ylmethyl)- 
thiophene-2-carbonitrile hydrochloride. The crude product is purified by 
column chromatography eluting with gradient of 10% EtOAc/CH 2 CI 2 to 20% 
EtOAc/ CH 2 CI 2 to afford the title compound as a white solid. 
FABMS.[M+H] + =442. 

15 

B. 7-Methoxvnaphthalene-2-sulfonic acid M-r4-c vanothiophen-2-vlmethvl)-2- 
oxopvrrolidin-3-(SWIlmethvlamide. 

The title compound is prepared as in EXAMPLE 126, Part A using 7- 
methoxynaphthalene-2-sulfonic acid [1 -(4-cyanothiophen-2-ylmethyl)-2- 
20 oxopyrrolidin-3-(S)-yl]amide in place of 7-methoxynaphthalene-2-sulfonic acid 
[1 -(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide. The crude 
product is purified by column chromatography eluting with gradient of 5% 
EtOAc/CH 2 CI 2 to 1 5% EtOAc/CH 2 CI 2 to afford the title compound as a white 
solid. 

25 1 H NMR (CDCI 3 , 300 MHz) 5 8.41 (s, 1H), 8.00 (m, 1H), 7.90 (d, 1H), 7.82 (s, 

1H), 7.76 (m, 2H), 7.24 (m, 2H), 7.10 (s, 1H),-4.92 (t. 1H), 4.58 (AB, 2H), 3.91 (s, 
3H), 3.29 (m, 2H), 2.73 (s, 3H), 2.37 (m, 1 H), 2.03 (m, 1 H). 

C. 5-f3-(S)-r(7-Methoxvnaphthal ene-2-sulfonvnmethvlaminol-2-oxopvrrolidin- 
30 1 -vlmethylUhiophene-3-carboxamidine hydrochloride. 

7-Methoxynaphthalene-2-sulfonic acid [1 -(4-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]-methylamide is converted to the title compound as 
described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 to 80% CH 3 CN/H 2 0 and the 
35 appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 
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'H NMR (DMSO-d 6 , 300 MHz) 8 8.88 (bs, 4H), 8.41 (s,1H), 8.35 (s,1H), 8.00 (d, 
1H), 7.92 (d, 1H), 7.68 (dd, 1H), 7.57 (s, 1H), 7.48 (s, 1H), 7.32 (dd, 1H), 4.82 (t, 
1H), 4.50 (AB, 2H), 3.88 (s, 3H), 3.21 (m, 2H), 2.63 (s, 3H), 2.00 (m, 1H), 1.72 
(m, 1H). FAB MS, [M+H] + = 473. Elemental analysis calculated with 0.75 mmol 
5 of H 2 0 cal. C=50.57%, H=5.1 1%, N=10.72%, Cl=6.78%, found C=50.52%, 
H=4.96%, N=1 0.46%, Cl=6.91 %. 

EXAMPLE 131 

4- (3-(SH( 5-Chloro-3-methylben zofb]thiophene-2-sulfonyl)benzylamino1-2- 
10 oxoDvrrolidin-1-vlmethvl)thiophene-2-car boxamidine trifluoroacetate. 

a. 5-Chioro-3-methyibenzo[b]thiophene -2-su)fonic acid [i-(5-cyanothiophen- 

3-vlmethvn-2-oxoovrrolidin-3-rS^vll-benzylamide. 

The title compound is prepared as in EXAMPLE 126, Part A using 5-chloro-3- 
15 methylbenzo[b]thiophene-2-sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as in EXAMPLE 129, Part A, in place of 
7-methoxynaphthalene-2-sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide and benzyl bromide in place of Mel. The crude 
product is purified by column chromatography eluting with gradient of 40% 
20 EtOAc/ hexanes to 50% EtOAc/hexanes to afford the title compound as a white 
solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.82 (s, 1 H), 7.75 (d, 2H), 7.43 (dd, 2H), 7.40 (s, 
1H), 7.32 (m, 2H), 7.28 (m, 2H), 4.88 (AB, 1H), 4.64 (t, 1H), 4.38 (AB, 2H), 4.22 
(AB, 1H), 3.06 (m, 1H), 2.90 (m, 1H), 2.71 (s, 3H), 2.28 (m, 1H), 1.81 (m. 1H). 

25 

B. 4-(3-(SH( 5-Chloro-3-methylbenzorbTthi6 phene-2-sulfonyl^benzvlamino]-2- 
oxopyrrolidi n-1-vlmethvmhioDhene-2-carboxamidine trifluoroacetate. 

5- Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1 -(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]benzylamide is converted to the title 

30 compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.30 (bs, 2H), 9.25 (bs, 2H), 8.05 (s,1H), 8.03 

35 (s,1 H), 7.82 (s, 1 H), 7.80 (s, 1 H), 7.55 (dd, 1 H), 7.28 (m, 2H), 7.21 (m, 3H), 4.82 
(t, 1H), 4.62 (AB, 1H), 4.25 (AB, 2H), 4.20 (AB, 1H), 3.13 (m, 1H), 2.91 (m, 1H), 
2.60 (s, 3H), 2.15 (m, 1H), 1.62 (m, 1H). FAB MS, [M+H] + =573. Elemental 
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analysis cal. C=48.94%, H=3.81%, N=B.15%, found C=48.60%, H=3.71%, 
N=7.90%. 

EXAMPLE 132 

5 4-f3-fS>-ffMethan6sulfQ nvn-r3-DhenvlDroDvl^amino1-2-QxoDvrrolidin-1- 
vlmethvl)thioDhene-2-carboxamidi ne trifluoroacetate. 

A. Methanesulfonic acid H-^-c vanothiophen-3-vlmethvn-2-oxoDvrrolidin-3- 

(g)-yilamide. 

1 0 The title compound is prepared as in EXAMPLE 125, Part C using methane 
sulfonyl chloride in place of 7-methoxynaphthalene-2-sulfonyl chloride to give 
the title compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 6 7.52 (s, 1 H), 7.43 (s, 1 H), 5.10 (bs, 1 H), 4.44 (AB, 
2H), 4.18 (m, 1H), 3.39 (m, 2H), 3.15 (s, 3H), 2.60 (m,1H), 2.00 (m, 1H). 

15 

B. Methanesulfonic acid ri-f5-cvanothioDh en-3-vlmethvn-2-oxopvrrolidin-3- 
rSVvH-r3-ph envlpropvnamidft. 

The title compound is prepared as in EXAMPLE 126, Part A using 
methanesulfonic acid [1 -(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)- 

20 yljamide in place of 7-methoxynaphthalene-2-sulfonic acid [1-(5-cyano- 

thiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide and phenethyl bromide in 
place of Mel to give the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 8 7.48 (s, 1 H), 7.40 (s, 1 H), 7.23 (m, 5H), 4.52 (AB, 
1H), 4.30 (m, 1H), 4.26 (AB, 1H), 3.22 (m, 4H), 3.12 (s, 3H), 2.63 (m,2H), 2.15 

25 (m,2H), 1.94(m,2H). 

C. 4-f3-fS)-ffMethanesulfonvn-r3.DhenvlDropvha mino1-2-oxopvrrQlidin-1- 
vlmethvllthiophene-2-carboxamidine trifluoroacetate. 
Methanesulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-.'S)- 

30 yl]-(3-phenylpropyl)amide is converted to the title compound as described in 
EXAMPLE 125, Part D. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

35 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.28 (bs, 2H), 9.07 (bs, 2H), 7.90 (m,1 H), 7.85 
(m,1H), 7.23 (m, 2H), 7.15 (m, 3H), 4.55 (t, 1H), 4.40 (AB, 2H), 3.20 (m, 3H), 



WO 96/40679 



186 



PCTAJS96/09816 



3.12 (3, 3H), 3.07 (m, 1H), 2.56 (m, 2H), 2.31 (m, 1H), 1.91 (m, 3H). FAB MS, 
[M+H] + =435. 

EXAMPLE 133 

5 4-(3-fS)-r(Methanesulfonvn(naDhthalen e-2-vnamino|-2-oxoDvrrolidin-1- 
vlmethvltthiophene-2-carboxamidine trifluoroacetate. 

A. Methanesulfonic acid-f 1 -f5-c vanothiophen-3-vlmethvlV2-oxoDvrrolidin-3- 
(S)-vlUnaphthalene-2-vnamide. 

1 0 The title compound is prepared as in EXAMPLE 126, Part A using 

methanesulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrro!idin-3-(S)- 
yljamide, prepared as in EXAMPLE 132, Part A, in place of 7-methoxy- 
naphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin- 

3- (S)-yl]amide and 2-naphthyl bromide in place of Mel to give the title 
1 5 compound as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 5 7.79 (m, 4H), 7.50 (m, 5H), 4.70 (m, 1H), 4.53 (m, 
2H), 4.40 (m, 1H), 4.32 (m, 1H), 3.26 (s, 3H), 3.04 (m, 2H), 2.00 (m, 2H). 

B. 4-(3-fSVr(MethanesulfonvlW naphthalene-2-vnamino]-2-oxopvrrolidin-1- 
20 vlmethvl)thiophene-2-carboxamidine trifluoroacetate. 

Methanesulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)- 
yl](naphthalene-2-yl)amide is converted to the title compound as described in 
EXAMPLE 125, Part D. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and 
25 the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.25 (bs, 2H), 9.12 (bs, 2H), 7.86 (m, 5H), 7.49 
(m, 4H), 4.70 (m, 2H), 4.36 (m, 3H), 3.23 (s, 3H), 3.02 (m, 2H), 2.10 (m, 1H), 
1.71 (m, 1H). FAB MS, [M+H] + =457. 

30 

EXAMPLE 134 

4- f3-fSVff4.5-Dichlorothiophene-2-sulfonvnbenzylamino1-2-oxopyrrolidin-1- 
vlmethvltthiophene-2-carboxa midine trifluoroacetate. 

35 A. 4,5-Dichlorothiophene-2-sulfonic acid ri-(5-cvanothi oDhen-3-vlmethy l)-2- 
oxopvrrolidin-3-fSVyllamide. 

The title compound is prepared as in EXAMPLE 125, Part C using 
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4,5-dichlorothiophene-2-sulfonyl chloride in place of 7-methoxynaphthalene-2- 
sulfonyl chloride to give the title compound as a white foam. 
1 H NMR (CDCI3, 300 MHz) 5 7.62 (m, 1H), 7.45 (m, 4H), 5.52 (s, 1H), 4.49 (s, 
2H), 3.92 (m, 1H), 3.26 (m, 2H), 2.61 (m, 1H), 2.08 (m t 2H). 

5 

B. 4.5-DichlorothioDhene-2-sulfonic acid-f1-(5-cvanothiophen-3-vlmethvn-2- 
oxopvrrolidin-3-rSVvnbenzvlamide. 

The title compound is prepared as in EXAMPLE 126, Part A using 
4,5-dichlorothiophene-2-sulfonic acid [1 -(5-cyanothiophen-3-ylmethyl)-2- 

0 oxopyrrolidin-3-(S)-yl]amide in place of 7-methoxynaphthalene-2-sulfonic acid 
[1 -(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide and benzyl 
bromide in place of Mel to give the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 6 7.61 (s, 1 H), 7.46 (m, 2H), 7.32 (m, 2H), 7.26 (m, 
3H), 4.56 (m, 2H), 4.40 (t, 1H), 4.37 (AB, 2H), 3.04 (m, 2H), 2.15 (m, 1H), 1.90 

5 (m,2H). 

Q. 4-{3-(g)-r(4,5- Dichlorothiophene-2-sulfonvnbenzvlamino1-2-oxoDvrrolidin- 
1 -vlmethvl)thioDhene-2-carboxamidine trif luoroacetate. 
4,5-Dichlorothiophene-2-sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]benzylamide is converted to the title compound &s 
described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.21 (bs, 2H), 9.00 (bs, 2H), 7.92 (m, 1H), 7.89 
(m,4H), 7.81 (m, 1H), 7.26 (m, 5H), 4.76 (m, 1H), 4.76 (t, 1H), 4.58 (m, 1H), 4.32 
(AB, 2H), 4.19 (m, 1H), 3.11 (m, 1H), 3.00 (m, 1H), 2.10 (m, 1H), 1.62 (m, 1H). 
FAB MS, [M+H]*=543. Elemental analysis cal. C=42.01%, H=3.22%, 
N=8.52%, found C=41.73%, H=3.23%. N=8.29%. 

EXAMPLE 135 

4-(3-(SVf( 5-Chloro-3-methvlb6 nzorb1thiODhene-2-sulfonvnmethvlamino y2- 
oxopvrrolidin-1-vl methvl)thiophene-2-carboxamidine trifluoroacelaie. 

A. 5-Chloro-3-m ethvlbenzofb1thiophene-2-sulfonic acid H-(5-cvanothiophen- 
3-vlmethvh-2-oxopvrrolidi n-3-rSVvn-methylamide. 
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The title compound is prepared as in EXAMPLE 126, Part A using 5-chioro-3- 
methylbenzo[b]thiophene-2-sulfonic acid [1 -(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]-benzylamide in place of 7-methpxynaphthalene-2- 
sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide to 
5 afford the title compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 7.79 (m, 2H), 7.42 (m, 3H), 4.87 (t, 1H), 4.40 (AB, 
2H), 3.26 (m, 2H), 2.88 (s, 2H), 2.70 (s, 3H), 2.41 (m, 1H), 2.05 (m, 1H). 

B. 4-f3-(SH( 5-Chloro-3-methvlbenzdrbTthiophene-2-sulfonvnmethvlamino1-2- 
10 oxopvrrolidin-1*vlmethvlHhioDhene-2-carboxamidine trifluoroacetate. 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid-[1-(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-ylJ-methylamide is converted to the title 
compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
1 5 80% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
'H NMR (DMSO-d 6 , 300 MHz) 8 9.21 (bs, 2H), 8.85 (bs, 2H), 8.10 (m, 2H), 7.91 
(s, 1H), 7.81 (s, 1H), 7.60 (m, 1H), 4.88 (t, 1H), 4.37 (AB, 2H), 3.21 (m, 2H), 2.75 
(s, 3H), 2.65 (s, 3H), 2.09 (m, 1H), 1.92 (m, 1H). FAB MS, [M+H] + =497. 

20 

EXAMPLE 136 

2-rf1-r5-Carbamimidovlthtophene-3-vlmethvlV2-oxopvrrolidin-3-fSVviyf7- 
methoxynaphthalene-2-sglfonyl)aminQ3-N-phenethylacetamide trifluoroacetate- 

25 A. 2-ff1-f5-CvanothioDhene-3-ylmethyn-2-oxopyrrolidin-3-(SVvl1-^7- 
methoxvnaphthalene-2-sulfonyl)amino]-N-phenethylacetamide. 
The tiltle compound is prepared as described in EXAMPLE 127, Part C, 
substituting phenethyl amine for NH 4 OH. The title compound is obtained as a 
white foam. 

30 1 H NMR (CDCI 3 , 300 MHz) 8 8.38 (s, 1 H), 7.89 (m, 1 H), 7.78 (m, 1 H), 7.55 (s, 
1H), 7.21 (m, 6H), 4.47 (AB, 2H), 4.30 (m, 1H), 3.92 (s, 3H), 3.76 (AB, 2H), 3.31 
(m, 2H), 2.61 (m, 2H), 2.28 (m, 1H). 

B. 2-fri-r5-Cart?amimidovlthiophene-3-vlmethvn-2-oxoDvrrolidin-3-fS)-yn-f7- 

35 methoxynaphthaiene-2-$u|fonyi)amino]-N-phenethyiacetamide trifluoroacetate, 
2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide is converted to 
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the title compound as described in EXAMPLE 125, Part D. The crude product 
is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
5 1 H NMR (DMSO-d 6 , 300 MHz) 6 9.21 (bs, 2H), 8.99 (bs, 2H), 8.41 (s, 1H), 8.15 
(m, 1H), 7;95 (m, 2H), 7.78 (m, 2H), 7.55 (m, 1H), 7.35 (m, 1H), 7.18 (m, 5H), 
4.78 (t, 1H), 4.38 (AB, 2H), 3.89 (s, 3H), 3.86 (m, 1H), 3.62 (m, 3H), 3.18 (m, 
2H), 2.51 (m, 2H), 2.02 (m, 2H). FAB MS, [M+H] + =620. 

10 EXAMPLE 137 

2-rn-f5-CarbamimidovlthiQPhen6. 3.vlmethvn-2-oxoDvrrolidin-3-rS)-vn-f4.5- 
dichlorothioDhene-2-sulfony naminol-N-hflnzvlacetamide trifluoroacetate. 

A. 2-rf1-f5-CvanothioDhene-3-vlmethvn-2-oyopvrr olidin-3-rSVvn-f4.5- 
15 dichlorothiophene-2-sulf onvnaminolaoetic acid tert-butvl ester. 

The title compound is prepared as in EXAMPLE 126, Part A using tert-butyl- 
bromoacetate in place of Mel to give the title compound as a white foam. 
1 H NMR (CDCI 3 , 300 MHz) 8 7.60 (s, 1H), 7.49 (s, 1H), 7.42 (s, 1H), 4.42 (m. 
3H), 3.89 (AB, 2H), 3.72 (m, 1H), 3.27 (m, 2H), 2.55 (m, 1H), 2.34 (m, 1H), 1.44 
20 (s, 9H). 

B. 2-rri-f5-CvanothioDhen6-3-yl methvh-2-oxoDvrrolidin-3-fSVvn-f4.5- 
dichlorothioDhen8-2-sulfonvnamino1anfltir>aHH 

To a solution of 2-[[1-(5-cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]- 
25 (4,5-dichlorothiophene-2-sulfonyl)amino]acetic acid tert-butyl ester (0.40 g, 
0.72 mmol) in 15 mL of CH 2 CI 2 is added 5 mL of TFA. After 2 hours, the 
solution is concentrated to give the title compound as a white foam. 
1 H NMR (CDCI3, 300 MHz) 8 7.98 (s, 1H), 7.89 (s, 1H), 7.81 (s, 1H), 4.80 (t, 1H), 
4.32 (AB, 2H), 3.88 (AB, 2H), 3.19 (m, 2H), 2.22 (m, 1H), 2.08 (m, 1H). 

30 

C. 2-rf1-f5-CvannthioDhen6-3-vl methvh-2.Qyoovrrolidin-3-fSVvn^4.5- 
dichlorothiophen e-2-sulfonvnaminol-N-henzvlacetamide. 

The title compound is prepared as described in EXAMPLE 127, Part C, 
substituting 2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(4,5- 
35 dichlorothiophene-2-sulfonyl)amino]acetic acid for 2-[[1-(5-cyanothiophene-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxynaphthalene-2- 
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sulfonyl)amino]acetic acid and substituting phenethyl amine for NH 4 OH. The 
title compound is obtained as a white foam. 

1 H NMR (CDCI 3 , 300 MHz) 5 7.50 (m, 3H), 7.25 (m, 5H), 4.45 (AB, 2H), 4.40 (t, 
1H), 3.86 (AB, 2H), 3.39 (m, 1H), 3.22 (m, 1H), 2.42 (m, 1H), 2.22 (m, 1H). 

5 

P. 2-rf1-f5-Carbamimidovlthionhane-3-vlmethv l)-2-oxoDyrrolidin-3-fS)-vi1-r4.5- 
dichlorothiQPhene-2-sulfonvnamino1-N-ben2vlac6ta mide trifluoroaretatR 
2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-ylJ-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide is converted to 

1 0 the title compound as described in EXAMPLE 125, Part D. The crude product 
is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 . 300 MHz) 8 9.22 (bs, 2H), 9.1 1 (bs, 2H), 8.56 (m, 1H), 7.92 

15 (s, 1 H), 7.89 (s, 1 H), 7.78 (s, 1 H), 7.26 (m, 4H). 4.79 (t. 1 H), 4.39 (m, 2H), 3.89 
(AB, 2H), 3.18 (m, 2H), 2.28 (m, 1H), 2.10 (m, 1H). FAB MS, [M+H] + =600. 
Elemental analysis calculated C=41.50%, H=3.48%, N=9.68%, found . 
C=41.48%, H=3.21%, N=8.68. 

20 EXAMPLE 138 

2-rn-f5-Carbamim idovlthioDhene-3-vlmethyn-2-oxQDvrrolidin-3-(SVvH-f7- 
methoxynaPhthalene-2-sulfonvnamino1-N-ben? vlacetamide trifluoroacetate. 

A. 2-rri-f5-Cvanot hioDhen6-3-vlmethvn-2-oxoDvrrolidin-3-fS)-vl1-(7- 
25 methoxvnaphthalene-2- sulfonvnaminol-N-benzvlacetamide. 

The tiltle compound is prepared as described in EXAMPLE 127, Part C, 
substituting benzyl amine for NH 4 OH. The title compound is obtained as a 
white foam. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.35 (s, 1H), 7.76 (m, 2H), 7.49 (m, 1H), 7.23 (m, 
30 9H), 4.40 (m, 5H), 3.94 (s, 3H), 3.86 (AB, 2H), 3.36 (m, 1 H), 3.24 (m, 1 H), 2.31 
(m,2H). 

B. 2-rf1-(5-CarbamimidQvlthioph ene-3-vlmethvn-2-oxoDvrrolidin-3-(S^-vn-f7- 
methoxvnaphthalene-2-sulfonyn aminol-N-benzvlacetamide trifluoroacetate. 

35 2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxy- 
naphthalene-2-sulfonyl)amino]-N-benzylacetamide is converted to the title 
compound as described in EXAMPLE 125, Part D. The crude product is 
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purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (CD 3 OD, 300 MHz) 5 8.80 (m, 1H), 8.42 (s, 1H), 7.87 (m, 5H), 7.36 (m, 
5 2H), 7.20 (m, 5H), 4.82 (m, 1 H), 4.50 (AB, 2H), 4.32 (m, 2H), 3.92 (m, 5H), 3.30 
(m, 2H), 2.30 (m, 1H), 2.05 (m, 1H). FAB MS, [M+H] + =606. 

EXAMPLE 139 

2-rr 1 -(4-CarbamimidovlthioDhene-2-vlmethvn-2-oxoDvrrolidin-3-(S x , .vIlfT- 
10 methoxvnaDhthalene-2-sulfonvl^aminolacetamide trifluoroacetate. 

A. 2-fri-f4-CvanothioDhene-2-vlmethvn-2-oxopvrrolidin-3-fSVviy(7- 
methoxvnaphthalene-2-sulfonvnaminotecetic acid tert-butvl ester. 

The title compound is prepared as in EXAMPLE 126, Part A substituting 
15 7-methoxynaphthalene-2-sulfonic acid [1-(4-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide for 7-methoxynaphthalene-2-sulfonic acid [1-(5- 
cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide and tert-butyl- 
bromoacetate in place of Mel to give the title compound as a white foam. 
1 H NMR (CDCIg, 300 MHz) 8 8.42 (s, 1H), 7.82 (m, 4H), 7.27 (m, 2H), 7.15 (s, 
20 1H), 4.66 (m, 1H). 4.15 (m, 1H), 3.92 (s, 3H), 3.68 (m, 1H), 3.28 (m, 2H), 2.56 
(m, 1H), 2.40 (m, 1H), 1.41 (s, 9H). 

B. 2-rri-f4-Cvanothiophene-2-vlmethvn-2-oxopvrrolidin-3-fS^-viyf7- 
methoxvnaphthalene-2-sulfonvnaminolacetic acid. 

25 The title compound is prepared as described in EXAMPLE 127, Part B using 2- 
[[1-(4-cyanothiophene-2-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetic acid tert-butyl ester. 
FABMS,[M+H] + =500. 

30 C. 2-ff1-(4-Cvanothiophene-2-vlmethyn-2-oxopyrrolidin-3-fS)-vn-f7- 
methoxvnaphthalene-2-sulfonynaminolacetamide. 
The tiltle compound is prepared as described in EXAMPLE 127, Part C, 
substituting 2-[[1-(4-cyanothiophene-2-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetic acid for 2-[[1-(5-cya.ncth;oohene- 

35 3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl)-(7-methoxynaphthalene-2- 

sulfonyl)amino]acetic acid. The title compound is obtained as a white foam. 
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1 H NMR (CDC! 31 300 MHz) 6 8.35 (s, 1H), 7.80 (m, 5H), 7.28 (m, 2H), 5.42 (m, 
1H), 4.64 (m, 3H), 3.94 (s, 3H), 3.72 (AB, 2H), 3.36 (AB, 2H), 2.35 (m, 1H), 2.16 
(m, 1H). 

5 P- 2-ff1-f4-Carbamimjdov[thiQphenft. 2 -vlmethvn-g-oxoDvrrolidin-3-rSVyl]-(7- 
methoxvnaDhthalena-g. su|fonvhamino]acetamirift trifluoroacetata 

2-[[1-(4-Cyanothiophene-2-ylmethyl)-2-oxopyrroliclin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-benzylacetamide is converted to the 
title compound as described in EXAMPLE 125, Part D. The crude product is 
1 0 purified by RP-HPLC eluting in a gradient of 1 0% CH 3 CN/H 2 0 to 80% 

CH 3 CN/H 2 0 and the appropriate product fractions are lyophilized to provide the 
title compound as a white solid. 

1 H NMR (DMSO-d 6l 300 MHz) 8 9.1 1 (bs, 4H), 8.48 (m, 2H), 7.98 (m. 2H), 7.74 
(m, 1H),-7.54 (m, 3H), 7.35 (m. 1H), 7.21 (m, 1H), 4.79 (t, 1H), 4.53 (AB, 2H), 
15 3.89 (s, 3H), 3.64 (AB, 2H), 3.21 (m, 2H), 2.04 (m, 2H). FAB MS, [M+HJ + =516. 
Elemental analysis calculated with 1.75 mmol of H 2 0 cal. C=47.34%, H=5.10%, 
N=12.00%, Cl=6.08%, found C=47.30%, H=4.82%, N=1 1.75, Cl=6.02%. 

EXAMPLE 140 

20 2-rn-f4-CarbamimidovlthioDhene.3-yl methvn-g-nynDvrrQlidin.a.^Q^-yl]./R. 
chloro-3-methylben7orb1thiophene-2-sulfQnvnaminn l acetic acid mathy! P*tpr 

A, 2-ff 1 -(g-Cvanothiophene-S-vlmethvn-g-Qxonvrrnli din-a-f S^-yl].f7- 
methpxynaphthalene-2-sulfonvnaminolacetin arid many o^r 

25 The title compound is prepared as in EXAMPLE 126, Part A substituting 5- 
chloro-3-methyl-benzo[b]thiophene-2-sulfonic acid-[1-(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide for 7-methoxynaphthalene-2-sulfonic 
acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide and 
substituting methyl-bromoacetate for Mel to give the title compound as a white 

30 foam. 

1 H NMR (CDCI 3 , 300 MHz) 5 7.80 (s, 1H), 7.76 (d, 1H), 7.45 (m, 2H), 7.39 (s, 
1H), 4.64 (t, 1H), 4.40 (m, 2H), 4.18 (m, 2H), 3.52 (s, 3H), 3.33 (m, 2H), 2.69 (s, 
3H), 2.55 (m, 1H), 2.38 (m, 1H). 

35 B T 2-rf1-f5-CvanothioDhene-3-vlmfithvn-P. oxopvrrolidin.3-(S^-vl]-f fi-nhlnrn.a. 
methyl-benzorblthionhene-2-sulfon ynaminolacetiR acid methyl PstPr , 
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2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetic acid methyl ester is converted to 
the title compound as described in EXAMPLE 125, Part D. The crude product 
is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
5 80% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate product fractions are . 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSOd 6 , 300 MHz) 8 9.26 (bs, 2H), 9.18 (bs, 2H), 8.06 (m, 2H), 7.90 
(S, 2H), 7.81 (S, 1H). 7.60 (m, 1H), 4.75 (t, 1H), 4.30 (AB, 2H), 4.01 (AB, 2H), 
3.58 (s, 3H), 3.20 (m, 2H), 2.62 (s, 3H), 2.28 (m, 1H), 2.07 (m, 1H). FAB MS, 
10 [M+HJ + =555. 

EXAMPLE 141 

4-l3-(S)-f(7-AminonaDhthalene-2-sulfonvnbenzylamino1-2-oxopvrrolidin-1- 
y|methyl}thiophene-2-carbQxqmidine bistrifluproacetate- 

15 

A. N-Cbz-7-aminonaphthalene-2-sulfo nic acid, sodium salt. 

To a suspension of 7-aminonaphthalene-2-sulfonic acid, sodium salt (10.1 g, 
41.2 mmol) in 200 mL of water is added solid NaOH (3.29 g, 82.4 mmol) at 
room temperature. The mixture is stirred for 1 hour, and then benzyl 

20 chloroformate (1 1 .8 mL, 82.4 mmol) is added. A precipitate forms after 30 min 
and the resulting mixture is stirred over a period of 18 hours. The crude 
mixture is concentrated in vacuo and the residue is stirred in 100 mL of 
absolute EtOH as a slurry for 2 hours. The precipitate is filtered and dried. The 
solid is heated at reflux in 100 mL of 95% EtOH for 2 hours, allowed to cool to 

25 room temperature, filtered and dried to give 15.4 g of the title compound. 

1 H NMR (DMSO-d 6 , 300 MHz) 6 8.06 (s, 1H), 7.97 (s, 1H), 7.82 (d, 1H), 7.77 (d, 
1H), 7.61 (dd, 1H), 7.58 (dd, 1H), 7.41 (m, 5H), 5.18 (s, 2H). 

B. N-Cbz-7-aminonaphthalene-2-sulfonvl chloride. 

30 N-Cbz-7-aminonaphthalene-2-sulfonic acid, sodium salt (15.4 g, 40.7 mmol) is 
converted to the title compound as described in EXAMPLE 125, Part B The 
crude product is purified by column chromatography in a gradient of hexanes 
to 20% EtOAc/hexanes to afford the title compound (5 g, 13.3 mmol) as a beige 
solid. 

35 1 H NMR (CDCIg, 300 MHz) 8 8.38 (s, 1 H), 8.12 (s, 1 H), 7.88 (d, 1 H), 7.80 (d, 
2H), 7.60 (dd, 1H), 7.34 (m, 5H), 7.27 (s, 1H), 5.21 (s, 2H). 
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C. N-Cbz-7-aminonaphtha[ene-2-sulfonic acid-f 1 -(5-cyanothiophen-3- 
vlmethvn-2-oxopvrrolidin-3-(SWIJamide. 

The title compound is prepared from 4-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)thiophene-2-carbonitrile hydrochloride as described in EXAMPLE 
5 125, Part C using N-Cbz-7-aminonaphthalene-2-sulfonyl chloride in place of 
7-methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography eluting with a gradient of 10% EtOAc/CH 2 CI 2 to 25% 
EtOAc/CH 2 CL, to provide the title compound as a solid. 
'H NMR (CDCI 3 , 300 MHz) 5 8.68 (s, 1H), 8.28 (s, 1H), 7.71 (m, 2H), 7.61 (m, 
1 0 2H), 7.45 (d, 1 H), 7.35 (m, 7H), 6.05 (d, 1 H), 5.20 (AB, 2H), 4.35 (AB, 2H), 3.86 
(m, 1H), 3.14 (m, 2H), 2.47 (m, 1H), 1.99 (m, 1H). 

P. N-Cbz-7-aminonaphthalene-2-sulfonic aci d-f 1 -(5-cvanothiophen-3- 
vlmethvn-2-oxopvrro lidin-3-fSVvllbenzvlamide. 

1 5 N-Cbz-7-aminonaphthalene-2-sulfonic acid-[1 -(5-cyanothiophen-3-yln?ethyl)- 
2-oxopyrrolidin-3-(S)-yl]amide (0.56 g, 1.01 mmol) is dissolved in 10 mL of 
DMF and cooled to 0°C. Sodium hydride (42 mg of a 60% dispersion in 
mineral oil, 1.06 mmol) is added and the solution is stirred for 20 minutes. To 
the mixture is added benzyl bromide (0.18 g, 1.06 mmol). The reaction mixture 

20 is stirred at 0°C for 20minutes and then at room temperature for 1 .5 hours. The 
solution is poured into a separatory funnel and diluted with 100 mL of EtOAc. 
The organic layer is washed with water, 1 N HCI and saturated NaCI solution, 
then dried over MgS0 4 , filtered and concentrated. The crude residue is 
purified by column chromatography eluting with a gradient of 25% 

25 EtOAc/CH 2 CI 2 to 50% EtOAc/CH 2 CI 2 to give the title compound (0.34 g, 0.53 
mmol) as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 6 8.39 (s, 1H), 8.08 (s, 1H), 7.86 (d, 1H), 7.78 (d, 
1H), 7.74 (s, 1H), 7.60 (d, 1H), 7.37 (m, 8H). 7.25 (m, 5H), 5.19 (AB, 2H), 4.52 
(m, 1H), 4.39 (AB, 2H), 4.34 (AB, 2H), 2.92 (m, 2H), 2.16 (m, 1H), 1.87 (m, 1H). 

30 

E. 4-f3-fSVr(7-AminonaDhthalene-2-sulfonvl)b enzvlamino1-2-oxopvrrolidin-1- 
vlmethvl)thiophene-2-carboxamidine bistrifluoroacetate. 
N-Cbz-7-aminonaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)- 
2-oxopyrrolidin-3-(S)-yl]-benzylamide is converted to the title compound as 
35 described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 60% CH 3 CN/H 2 0 (0.1% 



WO 96/40679 



195 



PCT/US96/09816 



TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6> 300 MHz) 6 9.26 (bs, 2H), 9.04 (bs, 2H), 8.14 (s, 1H), 7.81 
(m, 3H), 7.73 (d, 1H), 7.55 (dd, 1H), 7.32 (m, 2H), 7.25.(m, 3H), 7.11 (dd, 1H). 
5 7.01 (s. 1H), 4.73 (m, 1H), 4.35 (AB, 2H), 4.29 (AB, 2H), 3.13 (m, 1H), 2.94 (m, 
1H), 2.08 (m, 1H), 1.63 (m, 1H). FAB MS, [M+H] + =534. Elemental analysis 
calculated with 0.4 mol of H 2 0: C=48.42%, H=3.91%, N=9.11%; found 
C=48.42%, H=4.06%, N=9.11%. 

10 EXAMPLE 142 

4-f3-fSVff7-Aminonaphthalene-2-sulfonvhmethvlamino]-2-oxoDvrrolidin-1- 
vlmethvl)thioDhene-2-carboxamidine bistrifluoroacetate. 

A. N-Cbz-7-aminonaphthalene- 2-sulfonic acid f1-(5-cvanothiophen-3- 

15 ylmethyl)-2-oxopyrrolidin-3-fS)-yl1methylamide. 

The title compound is prepared from N-Cbz-7-aminonaphthalene-2-sulfonic 
acid [1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide as 
described in EXAMPLE 141, Part D using methyl iodide in place of benzyl 
bromide. The crude product is purified by column chromatography eluting with 

20 1 0% EtOAc/CH 2 CI 2 to afford the title compound as a solid. 

1 H NMR (CDCI 31 300 MHz) 8 8.38 (s, 1H), 8.08 (s, 1H), 7.85 (d, 1H), 7.80 (dd, 
1H), 7.77 (d, 1H), 7.40 (m, 8H), 7.21 (s, 1H), 5.24 (AB, 2H), 4.87 (m, 1H), 4.35 
(AB, 2H), 3.22 (m, 2H), 2.79 (s, 3H), 2.35 (m, 1H), 2.05 (m, 1H). 

25 B. 4-(3-(S)-fr7-Aminonap hthalene-2-sulfonvnmethvlamino1-2-oxoDvrrolidin-1- 
vlmethvl)thiophene-2-carboxamidine bistrifluoroacetate. 
N-Cbz-7-aminonaphthalene-2-sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]methylamide is converted to the title compound as 
described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 

30 eluting in a gradient of 1 0% CH 3 CN/H 2 0 (0. 1 % TFA) to 60% CH 3 CN/H 2 0 (0. 1 % 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

'H NMR (DMSO-d 6 , 300 MHz) 6 9.26 (bs, 2H), 9.01 (bs, 2H), 8.07 (s, 1H), 7.90 
(s, 1H), 7.82 (d, 1H), 7.80 (s, 1H), 7.73 (d, 1H), 7.43 (d, 1H), 7.12 (dd, 1H), 7.01 
35 (s, 1H), 4.86 (m, 1H), 4.37 (AB, 2H), 3.15 (m, 2H), 2.64 (s, 3H), 1.95 (m, 1H), 
1.74 (m, 1H). FAB MS, [M+H] + =458. Elemental analysis calculated: 
C=43.80%, H=3.68%, N=10.21%; found C=43.40%, H=3.75%, N=10.00%. 
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EXAMPLE 143 

2-rri-f5-CarbamimidovlthiODhen e-3-vlmethvn-2-oxoDvrrolidin-3-fSVvll- r7- 
aminonaphthalene-2-sulfonv naminolacetamide bistrifluoroacetate. 

5 

A, 2-rri-r5-CvanothiODhene-3-vlmethvh .2-oxoDvrrolidin-3^SVvl1-rN-Cbg-7- 
aminonaphthalene-2-sulfonvnaminolacetic acid tert -butvl ester. 

The title compound is prepared from N-Cbz-V-aminonaphthalene-2-sulfonic 
acid [1 -(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide as 
10 described in EXAMPLE 141, Part D using fert-butyl bromoacetate in place of 
benzyl bromide. The crude product is purified by column chromatography 
eluting with a gradient of 5% EtOAc/CH 2 CI 2 to 10% BOAc/CH^ to provide the 
title compound as a solid. 

1 H NMR (CDCI 3> 300 MHz) 8 8.45 (s, 1H), 8.10(3, 1H),7.87 (m,2H), 7.80 (d, 
15 1H), 7.55 (dd, 1H), 7.45 (m, 7H), 7.01 (m, 1H), 5.30 (s, 2H), 4.55 (m. 1H), 4.40 
(AB, 2H), 3.92 (AB, 2H), 3.32 (m, 1H), 3.21 (m, 1H), 2.60 (m, 1H), 2.45 (m, 1H), 
1.50 (s,9H). 

B. 2-rf1-r5-Cvanothiophene-3.yl methvn.2-oynpvrrolidin-3-fS)-vn-fN-Cb7-7- 
20 aminonaD hthalene-2-sutfonvnaminolacetic arid. 

2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-7- 
aminonaphthalene-2-sulfonyl)amino]acetic acid fert-butyl ester is converted to 
the title compound as described in EXAMPLE 127, Part B. The product is 
azeotroped with toluene/CH 2 CI 2 to give a white foam which is used directly in 
25 the next step. 

FAB MS, [M+H] + =619. 

C 2-rri-f5-Cvanothiophene-3-v lmethvn-2-QxoDvrrolidin-3-fSVvn-rN-Chz-7- 
aminonaphthalen e-2-sulfonvnaminolacatamiriP 
30 The title compound is prepared as described in EXAMPLE 127, Part C using 2- 
[[1-(5-cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-7- 
aminonaphthalene-2-sulfonyl)amino]acetic acid in place of 2-[[1-(5- 

cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxynaphthalene- 
2-sulfonyl)amino]acetic acid. The crude product is purified by column 
35 chromatography eluting with 2% MeOH/50% EtOAc/CH 2 CI 2 to provide the title 
compound as a white solid. 
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1 H NMR (CDCI 3I 300 MHz) 8 8.40 (s, 1H), 8.09 (s, 1H), 7.82 (m, 2H), 7.76 (m, 
2H), 7.60 (dd, 1H), 7.50 (m, 2H), 7.38 (m, 6H), 5.63 (bs, 1H), 5.25 (s, 2H), 4.51 
(s, 1H), 4.43 (AB, 2H), 3.77 (AB, 2H), 3.38 (m, 1H), 3.25 (m, 1H), 2.39 (m. 1H), 
2.21 (m, 1H). 

5 

D. 2-rri-f5-Carba mimidoylthiophen6-3-vlmethvn-2-oxopyrrolidin-3-fS^yl]-r7- 
aminonaphtha lene-2-sulfonynaminofacetamide bistrifluoroacetate. 
2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-7- 
aminonaphthalene-2-sulfonyl)amino]acetamide is converted to the title 

10 compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6f 300 MHz) 5 9.26 (bs, 2H), 9.00 (bs, 2H), 8.12 (s, 1H), 7.92 

15 (s, 1 H), 7.82 (d, 1 H), 7.81 (s, 1 H), 7.73 (d, 1 H), 7.58 (s, 1 H), 7.48 (dd, 1 H), 7.24 
(s, 1H), 7.13 (dd, 1H), 7.01 (s, 1H), 4.78 (m, 1H), 4.38 (AB, 2H), 3.64 (AB, 2H), 
3.20 (m, 2H), 2.09 (m, 1H), 1.97 (m, 1H). FAB MS, [M+H] + =501. 

EXAMPLE 144 

20 4-f3-(S)-f 6-Amino-5-chloro-2-sulfonylaminoV2-oxopynrolidin-1-ylmethyl]- 
thiophene-2-oarboxamidine t rifluoroacetate. 

A, N-Cbz-6-aminonaphthalene-2- sulfonic acid, sodium salt. 

The title compound is prepared as described in EXAMPLE 141, Part A using 6- 
25 aminonaphthalene-2-sulfonic acid, sodium salt in place of 7-amino- 

naphthalene-2-sulfonic acid, sodium salt. The crude product is isolated from 
95% EtOH. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 8.06 (m, 2H), 7.88 (d, 1H), 7.72 (d, 1H), 7.66 (d, 
1H), 7.55 (dd, 1H), 7.41 (m, 5H), 5.19 (s, 2H). 

30 

B. N-Cbz-6-amino5-chloro-n aphthalene-2-sulfonvl chloride and 
N-Cbz-6-am inon aphthalene-2-sutfon vl chloride. 

N-Cbz-6-aminonaphthalene-2-sulfonic acid, sodium salt is converted to the title 
compounds as described in EXAMPLE 125, Part B. The crude mixture is 
35 purified by column chromatography in a gradient of hexanes to 10% 

EtOAc/hexanes to provide N-Cbz-6-amino-5-chloro-naphthalene-2-sulfonyl 
chloride as the major component as a beige solid. 
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1 H NMR (CDCl 3 , 300 MHz) 5 8.71 (d, 1H), 8.59 (s, 1H), 8.38 (d, 1H), 8.09 (dd, 
1H), 7.96 (d, 1H), 7.65 (s, 1H), 7.41 (m, 5H), 5.30 (s, 2H). El MS, [M] + =409. 
The N-Cbz-6-aminonaphthalene-2-sulfonyl chloride is also isolated as a. minor 
component from the above procedure as a solid. 
5 1 H NMR (CDCI 3 , 300 MHz) 5 8.52 (s, 1H), 823 (m, 1 H), 7.96 (m, 3H), 7.55 (dd, 
1 H), 7.43 (m, 5H), 7.01 (s, 1 H), 5.30 (s, 2H). FAB MS, [M+H] + =376. 

C. N-Cbz-6-amino-5-chloro-naphthalene-2-sulfonic acid-f 1 -(5-cyanothiophen- 

3- ylmethyn-2-oxop yrrolidin-3-fS^yl]amide. 

10 The title compound is prepared from 4-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)thiophene-2-carbonitrile hydrochloride as described in EXAMPLE 
125, Part C using N-Cbz-6-amino-5-chloro-naphthalene-2-sulfonyl chloride in 
place of 7-methoxynaphthalene-2-sulfonyl chloride. The crude product is 
concentrated from EtOAc to afford the title compound as a white solid. 

1 5 1 H NMR (CDCI 3 , 300 MHz) 5 8.61 (d, 1 H), 8.44 (s, 1 H), 8.29 (d, 1 H), 7.96 (dd, 
1H), 7.90 (d, 1H), 7.60 (s, 1H), 7.43 (m, 6H), 7.39 (d, 1H), 5.55 (s, 1H), 5 29 (s, 
2H), 4.42 (AB, 2H), 3.78 (m, 1H), 3.25 (m, 2H), 2.60 (m, 1H), 2.09 (m, 1H). 

D. 4-f3-tSW 6-Am ino-5-chloro-2-sulfonvlaminoV2-oxopyrrolidin-1 -ylmethyl]- 
20 thiophene-2-carbQxamidine trifluoroacetate- 

N-Cbz-6-amino-5-chloro-naphthalene-2-sulfonic acid [1 -(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as 
described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 to 60% CH 3 CN/H 2 0 and the 
25 appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.25 (bs, 2H), 9.13 (bs, 2H), 8.25 (dd, 1H), 8.07 
(d, 1H), 7.95 (d, 1H), 7.86 (s, 1H), 7.83 (dd, 1H), 7.80 (m, 2H), 7.22 (d, 1H) 4.34 
(AB, 2H), 4.05 (m, 1H), 3.09 (m, 2H), 1.97 (m, 1H), 1.55 (m, 1H). FAB MS, 
30 [M+H] + =478. Elemental analysis calculated with 1 .3 mol of H 2 0: C=42.20%, 
H=3.78%, N=11.18%; found C=42.20%, H=3.36%, N=10.70%. 

EXAMPLE 145 

4- {3-fSVf(6-Amino-5-chloro-naphthalene-2-sul fonynmethvlamino]-2- 
35 oxopyrrolidin-1-ylmethyl)thiophene-2-carboxamidine trifluoroacetate. 
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A. N-Cbz-6-a mino-5-chloro-naphthalene-2-sulfonic acid f1-(5-cvanothiophen- 
3-vlmethvh-2-Qxo pvrrolidin-3-fSVvn-methvlamide. 

The title compound is prepared from N-Cbz-6-amino-5-chloro-naphthalene-2- 
sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide 
5 as described in EXAMPLE 141, Part D using methyl iodide in place of benzyl 
bromide. The crude product is purified by column chromatography eluting in a 
gradient of 10% EtOAc/C^CL. to 25% EtOAc/CH 2 CI 2 to afford the title 
compound as a solid. 

1 H NMR (CDCIg, 300 MHz) 8 8.60 (d, 1H), 8.49 (d, 1H), 8.25 (d, 1H), 8.05 (dd, 
10 1H), 7.95 (d. 1H), 7.60 (s, 1H), 7.44 (m, 7H), 5.30 (s, 2H), 4.93 (m, 1H), 4.40 
(AB, 2H), 3.30 (m, 2H), 2.80 (s, 3H), 2.40 (m, 1H), 2.08 (m, 1H). 

B. 4-f3-fS)-rf6-Amino-5-chloro-n aDhthalene-2-sulfonvhmethvlaminoy2- 
oxopYrrolidin-1-vimethvl}thiophene-2-carboxamidi ne trifluoroacetate. 

15 N-Cbz-6-amino-5-chloro-naphthalene-2-sulfonic acid [1 -(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-methylamide is converted to the title 
compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 to 80% 
CH 3 CN/H 2 0 and the appropriate product fractions are lyophilized to provide the 

20 title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.26 (bs, 2H), 9.06 (bs, 2H), 8.29 (s, 1H), 7.94 
(d, 1 H), 7.90 (s, 1 H), 7.84 (d, 1 H), 7.81 (d, 1 H), 7.79 (s, 1 H), 7.23 (d, 1 H), 4.85 
(m, 1H), 4.36 (AB, 2H), 3.13 (m, 2H), 2.63 (s, 3H), 1.97 (m, 1H), 1.73 (m, 1H). 
FAB MS, [M+H] + =492. Elemental analysis calculated with 1.3 mol of H 2 0: 

25 C=43.89%, H=4.10%, N=1 1.13%; found C=43.90%, H=3.71%, N=1 0.62%. 

EXAMPLE 146 

2-rri-f5-Carbamimi dovlthioDhene-3-vlmethvh-2-oxopvrrolidin-3-(SVvl]-m- 
amino-5-chloro naphthalene-2-sulfonvnamino)acetamide trifluoroacetate. 

30 

A. 2-rri-r5-Cvanot hioDhene-3-vlmethvn-2-oxoDvrrolidin-3-fSVvn-(N-Cb2-e- 
amino-5-chloronaDhthalen e-2-sulfonvnamino1acetic acid terf-butvl ester. 
The title compound is prepared from N-Cbz-6-amino-5-chloro-naphthalene-2- 
sulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide 
35 as described in EXAMPLE 141, Part D using fert-butyl bromoacetate in place of 
benzyl bromide. The crude product is purified by column chromatography 
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eluting with a gradient of 5% EtOAc/CH 2 CI 2 to 10% EtOAc/CH 2 CI 2 to provide the 
title compound as a solid. 

1 H NMR (CDCI 3 , 300 MHz) for rotamers present: 5 8.63-8.40 (m, 2H), 8.30-7.75 
(m, 3H), 7.60-7.30 (m, 5H), 7.28-7.12 (m, 2H), 5.31-5.08 (m, 2H), 4.89-3.62 (m, 
5 6H), 3.30 (m, 1H), 3.22 (m, 1H), 2.60 (m, 1H), 2.42 (m, 1H), 1.47 (s, 9H). 

B. 2-rri-(5-CvanothioDhene-3-vl methvh-2-oxoDvrrolidin-3-rS)-vn-fN-Cb- z-g- 
amino-5-chloronaphthalene-2- sulfonvnamino1acetjQ acid 

2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-6-amino- 
10 5-chloronaphthalene-2-sulfonyl)amlno]acetic acid tert-butyl ester is converted 
to the title compound as described in EXAMPLE 127, Part B. The product is 
azeotroped with toluene to give a foam which is used directly in the next step. 

C. 2-rf1-f5-Cvanothionhene-3-vlmPthv /n-2-oxoDvrrolidin-3-fS)-vn-tN-nh y -fi- 
15 amino-5-chloronaphthalane-2-sulfonvna mino1acetamirie. 

The title compound is prepared as described in EXAMPLE 127, Part C using 2- 

[[1-(5-cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-6-amino-5- 
chloronaphthalene-2-sulfonyl)amino]acetic acid in place of 2-[[1-(5-cyanothio- 
phene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxynaphthalene-2- 

20 sulfonyl)amino]acetic acid. The crude product is purified by column 

chromatography eluting in a gradient of 50% EtOAc/CH 2 CI 2 to 2% iv)eOH/50% 
EtOAc/CH 2 CI 2 to provide the title compound as a solid. 
1 H NMR (CDCI 3 , 300 MHz) 58.63 (d, 1H), 8.46 (s, 1H), 8.30 (d, 1H), 8.04 (d, 
1H), 7.93 (d, 1H), 7.86 (s, 1H), 7.60 (s, 1H), 7.54 (m, 2H), 7.42 (m, 5H), 5.37 (s, 

25 1 H), 5.27 (s, 2H), 4.52 (m, 1 H), 4.50 (AB, 2H), 3.78 (AB, 2H), 3.42 (m, 1 H), 3.32 
(m, 1H), 2.50 (m, 1H), 2.35 (m, 1H). 

D. 2-rri-f5-Carh amimidovlthioDhene-3-ylmethvn-2-nxopvrroliriin-3-rS)-viyf6- 
amino-5-chloronaphthalen6- 2-sulfonvnamino1acetamide trifluoroanatate, 

30 2-[[1-(5-Cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(N-Cbz-6-amino- 
5-chloronaphthalene-2-sulfonyl)amino]acetamide is converted to the title 
compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
60% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 

35 lyophilized to provide the title compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.25 (bs, 2H), 8.95 (bs, 2H), 8.32 (s, 1H), 7.93 
(d, 1H), 7.91 (s, 1H), 7.86 (d, 1H), 7.80 (m, 2H), 7.56 (s, 1H), 7.22 (m, 2H), 6.28 
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(bs, 2H), 4.75 (m, 1H), 4.34 (AB, 2H), 3.62 (AB, 2H), 3.16 (m, 2H), 2.07 (m, 1H), 
1.95 (m, 1H). FAB MS, [M+H] + =615. 

EXAMPLE 147 

5 4-r3-fS)-f6-Aminonaphth alen6.2-sulfonvlaminoV2-oxoDvrrolidin-1-vlmethylV 
thiophene-2-carb oxamidine dihvdrochloride. 

A. N-Cb2-6-aminonaphthalen6- 2-sulfQnic arid-M -(5-cvanothiophen-3» 
vlmethvn-2-oxoDvrrolidin-3-fS>-vnamidfl. 

10 The title compound is prepared from 4-(3-(S)-amino-2-oxopyrrolidin-1- 
ylmethyl)thiophene-2-carbonitrile hydrochloride as described in EXAMPLE 
125, Part C using N-Cbz-6-aminonaphthalene-2-sulfonyl chloride in place of 
7-methoxynaphthalene-2-sulfonyl chloride. The crude product is purified by 
column chromatography eluting with a gradient of 10% EtOAc/CH 2 CI 2 to 25% 

1 5 EtOAc/CH 2 CI 2 to provide the title compound as a solid. 

1 H NMR (CDCI 3 , 300 MHz) 8 8.34 (s, 1H), 8.04 (s, 1H), 7.80 (d, 1H), 7.77 (d, 
1H), 7.70 (d, 1H), 7.50 (s, 1H), 7.47 (d, 1H), 7.40 (m, 7H), 5.98 (d. 1H), 5.23 (s, 
2H), 4.40 (AB, 2H), 3.82 (m, 1H), 3.25 (m, 2H), 2.58 (m, 1H), 2.08 (m, 1H). 

20 B. 4-r3-(SVr6-Aminonanhthalen6-2.sul fonvlaminoV2-oxoDvrrolidin-1- 
vlmethvn-th ioDhenQ-2-carboxamidine dihvdrochlorida. 
N-Cbz-6-aminonaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-3-ylmethyl)- 
2-oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described 
in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC eluting in 

25 a gradient of 1 0% CH 3 CN/H 2 0 to 80% CH 3 CN/H 2 0 and the appropriate product 
fractions are lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.32 (bs, 2H), 8.99 (bs, 2H), 8.15 (s, 1H), 7.99 
(d, 1H), 7.86 (m, 2H), 7.76 (d, 1H), 7.62 (m, 2H), 7.03 (dd, 1H), 6.86 (s, 1H), 
4.35 (AB, 2H), 4.03 (m, 1H), 3.10 (m, 2H), 1.90 (m, 1H), 1.53 (m, 1H). FAB MS, 

30 [M+H] + =444. 

EXAMPLE 148 

5-r3-fSVr7-Meth oxvnaphthalene-2-sulfonvlaminoV2-oxoDyrrQliriin -1-yl:n e>hyl]- 
thiophene-2-carboxamidi ne trifluoroaratatP. 

35 

A. 7-MethoxvnaDhthalene-2-su1fo nic acid M-(5-cvanothiophen-2-ylmethyn-2- 
oxoDvrrolidin-3-(SWpamide. 
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The title compound is prepared as in EXAMPLE 125, Part C using 5-(3-amino- 
2-oxopyrrolidine-1-ylmethyl)thiophene-2-carbonitrile hydrochloride, prepared 
as in EXAMPLE 123, in place of 4-(3-amino-2-oxopyrrolidine-1- 
ylmethyl)thiophene-2-carbonitrile hydrochloride. The crude product is verified 
5 by column chromatography eluting with gradient of 10% EtOAc/CH 2 CI 2 to 20% 
EtOAc/ CH 2 CI 2 to afford the title compound as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.36 (s, 1H), 7.89 (d, 1H), 7.75 (m, 2H), 7.43 (d, 
1H), 7.30 (m, 1H), 7.22 (m, 2H), 6.90 (d, 1H), 5.44 (bs, 1H), 4.59 (AB, 2H), 3.90 
(s, 3H), 3.74 (m, 1H), 3.28 (m, 2H), 2.61 (m, 1H), 2.10 (m, 1H). 

10 

B. 5-[3-(g)-(7-Methoxynaphthaleng-2-sglfQnylamino)-2-oxopyrrplidin-1- 
vlmethvnthioDhene-2-carboxamidine trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid-[1-(5-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as described in 
1 5 EXAMPLE 125, Part D. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (CD3OD, 300 MHz) 6 8.41 (s,1H), 7.96 (d,1H), 7.87 (d, 1H), 7.74 (m, 
20 1H), 7.40 (d, 1H), 7.31 (dd, 1H), 7.18 (d, 1H), 4.64 (s, 2H), 4.10 (t, 1H), 3.91 (s, 
3H), 3.28 (m, 2H), 2.21 (m, 1H), 1.76 (m, 1H). FAB MS, [M+H] + = 459. 

EXAMPLE 149 

5-{3-fSV[f7-Methoxvnaphthalene-2-sulfonvhmethvlaminol-2-oxopvrrolidin-1- 
25 ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

A. 7-Methoxynaphthalene-2-sulfonic acid f1-(5-cyanothiophen-2-vlmethyn-2- 
oxopvrrolidin-3-fSVvn-methvlamide. 

The title compound is prepared as in EXAMPLE 126, Part A using 
30 7-methoxynaphthalene-2-sulfonic acid [1-(5-cyanothiophen-2-ylmethyl)v2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as in EXAMPLE 148, Part A, in place of 
7-methoxynaphthalene-2-sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide. 

'H NMR (CDCI3, 300 MHz) 8 8.41 (s, 1H), 7.91 (d, 1H), 7.78 (dd, 2H), 7.46 (m, 
35 1 H), 7.25 (m, 3H), 6.93 (d, 1 H), 4.91 (t, 1 H), 4.60 (AB, 2H), 3.92 (s, 3H), 3.31 (m, 
2H), 2.74 (s, 3H), 2.36 (m, 1H), 2.03 (m, 1H). 
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B. 5-{3-fS)-f(7-MethoxynaDhthalene-2-sulfonvhmethvlamino1-2-oxoDvrrolidin- 
1 -vlmethvinhiophene-2-ca rboxamidine trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid [1 -(5-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]methylamide is converted to the. title compound as 
5 described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6> 300 MHz) 5 9.20 (bs, 2H), 8.82 (bs, 2H), 8.38 (s, 1 H), 8.04 
10 (d, 1 H), 7.96 (d, 1 H), 7.83 (d, 1 H), 7.69 (dd, 1 H), 7.57 (d, 1 H), 7.34 (dd, 1 H), 
7.21 (d, 1H), 4.83 (t, 1H), 4.61 (AB, 2H), 3.89 (s, 3H), 3.19 (m, 2H), 2.62 (s, 3H), 
2.04 (m, 1H), 1.82 (m, 1H). FAB MS, [M+H] + =473. 

EXAMPLE 150 

15 5-(3-(S)-r(7-Methoxvnaphthalene-2-sulfonvnbenzvlaminol-2-oxoDvrrolidin-1- 
vlmethvl)thiophene-2-carboxamidine trifluoroacetate. 

A. 7-Methoxvnaphthalene-2-sulfonic acid ri-(5-cv anothiophen-2-vlmethvh-2- 
oxopvrrolidin-3-rS>- yn- benzvlamide. 

20 The title compound is prepared as in EXAMPLE 126, Part A using 7- 
methoxynaphthalene-2-sulfonic acid[1-(5-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide, prepared as in EXAMPLE 148, Part A, in place of 
7-methoxynaphthalene-2-sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide and benzyl bromide for methyl iodide. 

25 1 H NMR (CDCI 3 , 300 MHz) 5 8.43 (s, 1 H), 7.92 (m, 2H), 7.80 (d, 1 H), 7.47 (m, 
1H), 7.31 (m, 3H), 7.22 (m, 4H), 6.93 (d, 1H), 4.55 (m, 4H), 4.26 (m, 1H), 3.93 (s, 
3H), 3. 1 2 (m, 2H), 2.28 (m, 1 H), 1 .96 (m, 1 H). 

B. 5-(3-fSVr(7-MethoxvnaDhthalene-2-sulfonvnbenzvlamino1-2-oxopvrrolidin- 
30 1 -ylmethylUhiophene-2-carboxamidine trifluoroacetate. 

7-Methoxynaphthalene-2-sulfonic acid [1 -(5-cyanothiophen-2-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]- benzylamide is converted to the title compound as 
described in EXAMPLE 125, Part D. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
35 TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 
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1 H NMR (DMSO-d 6 , 300 MHz) 8 9.22 (bs, 2H), 9.05 (bs, 2H), 8.42 (s, 1H), 8.05 
(d, 1H), 7.96 (d, 1H), 7.88 (d, 1H), 7.80 (m, 1H), 7.53 (s, 1H), 7.28 (m, 6H), 7.15 
(d, 1H), 4.72 (t, 1H), 4.52 (m, 3H), 4.19 (m, 1H), 3.88 (s, 3H), 3.14 (m 1H), 3.05 
(m, 1H), 2.13 (m, 1H), 1.74 (m, 1H). FAB MS, [M+H] + = 549. 

5 

EXAMPLE 151 

rAmino-r4-(3-fSVr7-methoxynap hthalene-2-sulfonvhmethvlamino]-2- 
oxopyrrolidin-1-vlmethvlMhioDhene-2-vl>methvlene1carbamic acid methyl ester 
trifluoroacetate. 

10 

A. rAmino-r4-{3-r SV(7-methoxvnaphthalene-2-sulfonynmethvlamino}-2- 
oxoDvrrolidin-1- ylmethyl}thioDhene-2-ynmethvlene]carbamic acid methyl ester 
trifluoroacetate. 

To a solution of 4-{3-(S)-[(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 
15 oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate (0.7 3, 
1.20 mmol) in 12 mL of CH 2 CI 2 and 1 mL of DMF at 0°C is added N-meihyl 
piperidine(0.42 g, 4.2 mmol) and methyl chloroformate (0.12 g, 1.26 mmol). 
After 0.5 hour, the solution is diluted EtOAc. The organic solution is washed 
with H 2 0 and sat. NaCI. The organic layer is dried over MgS0 4 , filtered and 
20 concentrated. The crude product is purified by RP-HPLC eluting in a gradient 
of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and the 
appropriate product fractions are lyophilized to provide the title compound as a 
white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 8 9.58 (bs, 2H), 8.39 (s, 1H), 8.05 (d, 1H), 7.96 
25 (d, 1H), 7.82 (d, 1H), 7.74 (s, 1H), 7.68 (d, 1H), 7.58 (d, 1H), 7.35 (dd, 1H), 7.15 
(d, 1H), 4.86 (t, 1H), 4.32 (AB, 2H), 3.86 (s, 3H), 3.66 (s, 3H), 3.13 (m, 2H), 2.64 
(s, 3H), 1.96 (m, 1H), 1.71 (m, 1H). FAB MS, [M+H] + = 531. Elemental analysis 
calculated with 1.75 mmol of H 2 0 cal. C=46.22%, H=4.54%, N=8.29%, fcv;nd 
C=46.00%, H=4.02%, N=7.93%. 

30 

EXAMPLE 152 

4-(3-rS)-ff7-Meth oxvnaphthalene-2-sulfonynmethylamino]-2-oxopvrrolidin-1- 
vlmethvinhiophene-2-N-hvdroxycarboxamidine trifiuoroacetate. 

35 A. 4-(3-(S)-r(7-Methoxvnaphthalene-2-sulfonynmethylamino)-2-ox opyrrolidin- 
1 -vlmethvmhioDhene-2-N-hydroxycarboxamidine trifluoroacetate 
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To a solution of 7-methoxynaphthalene-2-sulfonic acid [1-(5-cyanothiophen-3- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]methylamide (0.48 g, 1 mmol) in 10 mL of 
EtOH is added hydroxylamine hydrochloride (0.11 g, 1.54 mmol) and triethyl 
amine (0.25 g, 2.5 mmol). The solution is heated to reflux. After 1 hour, the 
5 solution is concentrated. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and 
the appropriate product fractions are lyophilized to provide the title compound 
as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.49 (s, 1H), 7.84 (d, 1H), 7.76 (m, 2H), 7.60 (s, 
10 1H), 7.35 (s, 1H), 7.28 (m, 1H), 7.20 (m, 1H), 6.75 (bs, 2H), 4.96 (t, 1H), 4.87 
(bs, 1H ), 4.40 (AB, 2H), 3.90 (s, 3H), 3.23 (m, 2H), 2.77 (s, 3H), 2.28 (m, 1H), 
1.93 (m, 1H). FAB MS, [M+H] + = 489. Elemental analysis calculated with 1.75 
mmol of H 2 0 cal. C=45.64%, H=4.53%, N=8.84%, found C=45.33%, 
H=4.05%, N=8.36%. 

15 

EXAMPLE 153 

4-f3-(S)-Amino-2-oxoDvrrolidin-1-vlmethvn P vridine-2- carbonitrile 
trifluoroacetate. 

20 A. 2-Cvano-4-rf(tert-butvl dimethvlsilvnoxv)methvllDvridina 

The title compound is prepared according to the procedure described in sL 
Heterocyclic Chem-30., 631 (1993). The crude residue obtained is purified by 
column chromatography eluting with gradient of 5% EtOAc/hexanes to 20% 
EtOAc/hexanes to afford the title compound as a yellow oil. 

25 1 H NMR (CDCI3, 300 MHz) 68.66 (d, 1H), 7.69 (s, 1H), 7.48 (m, 1H), 4.80 (s, 
2H), 1.00 (s,9H), 0.19 (s,6H). 

B. 2-Cvano-4-fh vdroxvmethvnpvridine. 

A solution of 2-cyano-4-[{(ferr-butyldimethylsilyl)oxy}methyl]pyridine (10.1 g, 
30 40.5 mmol) in 200 mL of anhydrous MeOH is stirred over 12 g of Dowex~50W- 
H + ion-exchange resin (pre-washed with MeOH) for a period of 18 hours: After 
this time, the mixture is filtered and washed with MeOH twice. The combined 
filtrates are concentrated in vacuo. The crude residue is purified by column 
chromatography eluting with 50% EtOAc/hexanes to afford the title compound 
35 (4.82 g, 35.9 mmol) as an oil. 

1 H NMR (CDCI3, 300 MHz) 5 8.70 (m, 1H), 7.75 (s, 1H), 7.55 (d, 1H), 4.87 (d, 
2H), 2.31 (bs, 1H). 
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C. 2-Cvano-4-(bromomethvhDvridine. 
Bromine (6.88 g, 43.1 mmol) is added dropwise to a solution of 
triphenylphosphine (1 1.3 g, 43.1 mmol) in 280 mL of CH 2 CI 2 at 0°C. The 
5 mixture is tirred for 30 minutes at 0°C. At this time, 2-cyano-4-(hydroxymethyl)- 
pyridine (4.82 g, 35.9 mmol) is added and the resulting mixture is stirred for 
2 hours at room temperature. The reaction mixture is diluted with CH 2 t\ and 
washed with water (2x) and saturated NaCI solution. The organic layer is dried 
with MgS0 4 , filtered and concentrated. The crude product is purified by column 
1 0 chromatography eluting in a gradient of 20% EtOAc/hexanes to 30% 
EtOAc/hexanes to afford the title compound (6.40 g, 32.5 mmol) as an oil. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.75 (d, 1H), 7.79 (s, 1H), 7.60 (d, 1H), 4.49 (s, 
2H). 

15 D. f1-(2-Cvano-pvridin-4-vlmethvn-2-oxo pvrrolidin-3-^SVvncarbamic acid tert- 
butvl ester. 

The title compound is prepared from (2-oxopyrrolidin-3-(S)-yl)-carbamic acid 
fert-butyl ester as described in EXAMPLE 122, Part F using 2-cyano-4- 
(bromomethyl)pyridine in place of 4-bromomethylthiophene-2-carbonitrile. The 
20 crude product is purified by column chromatography eluting with gradient of 
25% EtOAc/CH 2 CI 2 to 50% EtOAc/CH 2 CI 2 to afford the title compound as a 
solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.69 (d, 1 H), 7.70 (s, 1 H), 7.46 (d, 1 H), 5.42 (bs, 
1H), 4.57 (AB, 2H), 4.22 (m, 1H), 3.35 (rn, 2H), 2.62 (m, 1H), 2.10 (m, 1H), 1.50 
25 (s, 9H). 

E. 4-(3-($)-Amino-2-oxopvrrolidin-1-vlmethvnDvridi ne-2-carbonitrile 
trifluoroacetate. 

To a solution of [1-(2-cyano-pyridin-4-ylmethyl)-2-oxopyrrolidin-3-(S)- 
30 yljcarbamic acid tert-butyl ester (3.34 g, 1 0.6 mmol) in 50 mL of CH 2 CI 2 is 
added 5 mL of TFA. The reaction mixture is stirred for 18 hours and then 
concentrated to give the title compound (3.40 g, 10.3 mmol) as a white «am. 
1 H NMR (DMSO-d 6( 300 MHz) 8 7.90 (d, 1H), 7.70 (bs, 3H), 7.09 (s, 1 H), 6.80 
(m, 1H), 3.78 (AB, 2H), 3.35 (m, 1H), 2.55 (m, 2H), 1.62 (m, TH), 1.20 (m, 1H). 



EXAMPLE 154 
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4-r3-rSVr7-Metho)0/naDhthalene-2.sulfonvlam inoV2-oxoDvrrolidin-1-vlmethvn- 
pyridine-2-carboxamidine trifluoroacetate. 

A. 7-MethoxvnaDhthalene-2-sulfonic acid-f 1 -(2-cvanopvridin-4-vlmethvl)-2- 
5 oxoDvrrolidin-3-(S>-vnamide. 

The title compound is prepared as described in EXAMPLE 125, Part C using 4- 
(3-(S)-amino-2-oxopyrr6lidin-1-yimethyl)pyridine-2-carbonitrile trifluoroacetate 
in place of 4-(3-(S)-amino-2-oxopyrrolidine-1-ylmethyl)thiophene-2-carbonitrile 
hydrochloride. The crude product is purified by column chromatography 
1 0 eluting with a gradient of 25% EtOAc/CH 2 CI 2 to 50% EtOAc/CH 2 CI 2 to provide 
the title compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.60 (d, 1H), 8.37 (s, 1H), 7.84 (d, 1H), 7.75 (m, 
2H), 7.50 (s, 1H), 7.30 (dd, 1H), 7.26 (dd, 1H), 7.22 (m, 1H), 6.12 (d. 1H), 4.47 
(AB, 2H), 3.96 (m, 1H), 3.90 (s, 3H), 3.22 (m, 2H), 2.52 (m, 1H), 2.10 (m, 1H). 

15 

B. 4-r3-(SV(7-MethoxvnaDhthalene-2-sulfonylaminoV2-oxoDvrrolidin-1- 
vlmethvllpvridine-2-carboxamidine trifluoroacetate. 

Hydrogen sulfide gas is bubbled for 5 minutes through a solution of 7- 
methoxynaphthalene-2-sulfonic acid-[1-(2-cyanopyridin-4-ylmethyl)-2- 

20 oxopyrrolidin-3-(S)-yl]amide (0.22 g, 0.50 mmol) in 10 mL of a 10:1 mixture of 
pyridine/triethylamine. After stirring the pale green solution for a period" of 18 
hours, the reaction mixture is concentrated in vacuo. The residue is diuted in 
acetone and concentrated to give the crude thioamide. To a solution of 
thioamide in 10 mL of acetone is added iodomethane (1 mL, 16 mmol). The 

25 resulting mixture is heated at reflux for 1 hour, allowed to cool to room 
temperature and concentrated in vacuo to provide the crude thioimidate 
hydroiodide. To a solution of thioimidate hydroiodide in 10 mL of MeOH is 
added ammonium acetate (0.15 g, 1.9 mmol). The resulting mixture is heated 
at reflux for 2 hours, allowed to cool to room temperature and stirred overnight. 

30 The resulting mixture is concentrated in vacuo to provide the crude amidine 
salt. The crude product is purified by RP-HPLC eluting in a gradient of 1 5% 
CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate 
product fractions are lyophilized to provide the title compound (0.10 g, C.18 
mmol) as a white amorphous solid. 

35 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.51 (bs, 2H), 9.40 (bs, 2H), 8.73 (d, 1 H), 8.37 
(s,1H), 8.25 (d, 1H), 8.02 (d, 1H), 7.92 (m, 2H). 7.72 (dd, 1H), 7.58 (d, 1H), 7.53 



WO 96/40679 



208 



PCT/US96/09816 



(s, 1H), 7.32 (dd, 1H), 4.49 (AB, 2H), 4.18 (m, 1H), 3.86 (s, 3H), 3.15 (m, 2H), 
2.02 (m, 1H), 1.64 (m, 1H). FAB MS, [M+H] + =454. 

EXAMPLE 155 

5 4-(3-fS)-rf7 -MethoxvnaDhthalene-2-sulfonvhben2vlaminol-2-oxopvrrolidin-1- 
vlmethvl)Dvridine-2-carboxamidine trifluoroacetate. 

A. 7-Methoxvnaph thalene-2-sulfonic acid-H -(2-cvanopvridin-4-vlmethyn-2- 
oxopyrrolidin-3-(SWn-ben2Ylamide. 

1 0 The title compound is prepared as described in EXAMPLE 141, Part D using 
7-methoxynaphthalene-2-sulfonic acid-[1-(2-cyanopyridin-4-ylmethyl)-L- 
oxopyrrolidin-3-(S)-yl]amide in place of N-Cbz-7-aminonaphthalene-2-sulfonic 
acid-[1-(5-cyanothiophen-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide. The 
crude product is purified by column chromatography eluting with gradient of 

1 5 CH 2 CI 2 to 3% MeOH/CH 2 CI 2 to afford the title compound as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 6 8.66 (d, 1H), 8.48 (s, 1H), 7.98 (m, 2H). 7.80 (d, 
1H), 7.53 (s. 1H), 7.41 (d, 1H), 7.29 (m, 7H). 4.47 (AB, 2H), 4.45 (AB. 2H), 4.45 
(m, 1H), 3.94 (s, 3H), 3.11 (m, 2H), 2.30 (m, 1H), 2.19 (m, 1H). 

20 B. 4-(3-(S)-f(7-Methoxvnaphthalene.2- sulfonyl^benzvlamino1-2-oxopyrr6lidin- 
1 -vlmethvl)pyridine-2-carboxamidine trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid [1 -(2-cyanopyridin-4-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]-benzylamide is converted to the title compound as 
described in EXAMPLE 154, Part B. The crude product is purified by RP-HPLC 

25 eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

1 H NMR (DMSO-d 6 , 300 MHz) 5 9.50 (bs, 2H), 9.29 (bs, 2H), 8.75 (d, 1H), 8.48 
(S.1H), 8.02 (d, 1H), 7.96 (d, 1H), 7.93 (s, 1H), 7.83 (dd, 1H), 7.56 (m, 2H), 7.35 
30 (m, 3H), 7.29 (m, 3H), 4.84 (m, 1 H), 4.44 (AB, 2H), 4.42 (AB, 2H), 3.90 (s, 3H), 
3.20 (m, 1H), 3.05 (m, 1H), 2.19 (m, 1H), 1.80 (m, 1H). FAB MS, [M+H] + =544. 

EXAMPLE 156 

4-(3-(S)-rf7-Methoxvnaphthalene-2-sulfonynmethvlamino)-2-oxoDyrrolidin-1- 
35 vlmethvl)pvridine-2-carboxamidine trifluoroacetate. 
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A. 7-Methoxvnaphthalene-g -sulfonic acid-M -(2-cvanopvridin-4-vlmethvn-2- 
oxoPvrrolidin-3-f SVvll-methv»amirift 

The title compound is prepared from 7-methoxynaphthalene-2-sulfonic acid-[1- 
(2-cyanopyridin-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide as described in 
5 EXAMPLE 141, Part D using methyl iodide in place of benzyl bromide. The 
crude product is purified by column chromatography eluting with gradient of 
20% EtOAc/CH 2 CI 2 to 40% EtOAc/CH 2 CI 2 to afford the title compound as a 
white solid. 

1 H NMR (CDCIg, 300 MHz) 8 8.65 (d, 1H), 8.41 (s, 1H), 7.90 (d, 1H), 7.79 (m, 
10 2H), 7.53 (s, 1 H), 7.37 (m, 1 H), 7.29 (m, 2H), 4.97 (m, 1 H), 4.47 (AB, 2H), 3.93 
(s, 3H), 3.29 (m, 2H), 2.83 (s, 3H), 2.40 (m, 1H), 2.10 (m, 1H). 

B. 4-f3-(S)-rf7-Methoxvnanhtha|ene-2-sulfQn vnmethvlamino1-2-oxopvrroHriin- 
1 -vlmeth vllnvrirlinft -2-carboxam idine trif lunrnara^ e 

15 7-Methoxynaphthalene-2-sulfonic acid-[1 -(2-cyanopyridin-4-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]methylamide is converted to the title compound as 
described in EXAMPLE 154, Part B. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 

20 compound as a white solid. 

1 H NMR (DMSO-d 6l 300 MHz) 8 9.54 (bs, 2H), 9.31 (bs, 2H), 8.74 (d, 1H), 8.40 
(s,1H), 8.04 (d, 1H), 7.97 (s, 1H), 7.95 (d, 1H), 7.70 (dd, 1H), 7.59 (m. 2H), 7.37 
(m, 1H), 4.99 (m, 1H), 4.50 (AB, 2H), 3.89 (s, 3H), 3.24 (m, 2H), 2.71 (s, 3H), 
2.05 (m, 1 H), 1 .88 (m, 1 H). FAB MS, [M+H] + =468. 

25 

EXAMPLE 157 

4-f3-($)-(5-Chloro-3-methvlb6n? orb1thiophenft-2-sulfonvlaminnUP- 
Oxopyrrolidin-1-vlmethvnpvridina -2-carboxamidine triflnoroanfttatP 

30 A, 5-Chloro-3-methvlbenzorh1thiophene-2-sulfonic acid M-fl>.r» v anotwrirlgn.4. 
vlmethvl^-2- oxopvrrolidin-3-fS>-vnamide. 

The title compound is prepared as described in EXAMPLE 125, Part C using 
4-(3-(S)-amino-2-oxopyrrolidin-1-ylmethyl)pyridine-2-carbonitrile 
trifluoroacetate in place of 4-(3-(S)-amino-2-oxopyrrolidine-1-ylmethyl)- 
35 thiophene-2-carbonitrile hydrochloride and with 5-chloro-3-methyl- 

benzo[b]thiophene-2-sulfonyl chloride in place of 7-methoxynaphthalene-2- 
sulfonyl chloride. The crude product is purified by column chromatography 
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eluting with gradient of 25% EtOAc/CH 2 CI 2 to 50% EtOAc/CH 2 CI 2 to afford the 
title compound as a white solid. 

1 H NMR (CDCI,, 300 MHz) 6 8.67 (d, 1H), 7.82 (s, 1H), 7.76 (d, 1H), 7.51 (s, 
1H), 7.48 (dd, 1H), 7.32 (d, 1H), 5.65 (d. 1H), 4.49 (AB, 2H), 4.00 (m, 1H). 3.29 
5 (m, 2H), 2.71 (s, 3H), 2.66 (m, 1H), 2.19 (m, 1H). 

B. 4-r3-(S)-(5-Chloro-3-methvlben2orbTthiophene-2.sulfonvlaminoV2- 
OXOPvrro|idin-1-vlmethvnpvridine-2-carboxamidinfi trifluoroacetata 
5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1 -(2-cyano-pyridin-4- 

10 ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide is converted to the title compound as 
described in EXAMPLE 154, Part B. The crude product is purified by RP-HPLC 
eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 80% CH 3 CN/H 2 0 (0.1% 
TFA) and the appropriate product fractions are lyophilized to provide the title 
compound as a white solid. 

15 1 H NMR (DMSO-d 6 , 300 MHz) 5 9.51 (bs, 2H), 9.42 (bs, 2H), 8.78 (d, 1l J .). 8.76 
(S,1H), 8.09 (d, 1H), 8.05 (s, 1H), 7.94 (s, 1H), 7.59 (s, 1H), 7.57 (d, 1H), 4.50 
(AB, 2H), 4.27 (m, 1H), 3.17 (m, 2H), 2.63 (s, 3H), 2.10 (m, 1H), 1.72 (m, 1H). 
FAB MS, [M+H] + =478. Elemental analysis calculated with 1.4 mole of H z O: 
C=42.81%, H=3.89%, N=11.35%; found C=42.82%, H=3.30%, N=10.84%. 

20 

EXAMPLE 158 

4-{3-f$)-r(5-Chloro-3-methvlben zofb1thioDhene-2-sulfonvnmethvlamino1-2- 
Qxopvrrolidin-1-vlmethvl)pvridine-2-carboxamidin e trifluoroacetate. 

25 A. 5-Chloro-3-methvlben zorb1thiophQne-2-sulfonic acid n-f2-cvanopvridin-4- 
vlmethvn-2-oxnnvr rolidin-3-(S^-vn-methvlamidft 

The title compound is prepared from 5-chloro-3-methyIbenzolbJthiophfi;->e-2- 
sulfonic acid [1-(2-cyanopyridin-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide as 
described in EXAMPLE 141, Part D using methyl iodide in place of benzyl 
30 bromide. The crude product is purified by column chromatography eluting with 
gradient of 10% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title 
compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 5 8.66 (d, 1H), 7.80 (s, 1H), 7.74 (d, 1H), 7.53 (s, 
1H), 7.43 (dd, 1H), 7.35 (d, 1H), 4.95 (m, 1H), 4.47 (AB, 2H), 3.29 (m, 2H), 2.91 
35 (s, 3H), 2.70 (s, 3H), 2.41 (m, 1H), 2.15 (m, 1H). 
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B. 443-fS)-rr5-Chloro-3-methylb enzo[b]thiophen6~2-sulfonvnm6thylamino]-2- 
oxoDvrrolidin-1-vlmethyl}pyridine-2-carboxamicline trifluoroacetate. 
5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid-[1r(2-cyanopyridin-4- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]methylamide is converted to the title 
5 compound as described in EXAMPLE 154, Part B. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.52 (bs, 2H), 9.34 (bs, 2H), 8.74 (d, 1H), 8.08 
1 0 (m, 2H), 7.95 (s, 1 H), 7.63 (s, 1 H), 7.61 (dd, 1 H), 4.99 (m, 1 H), 4.50 (AB, 2H), 
3.31 (m, 1H), 3.21 (m, 1H), 2.80 (s, 3H), 2.66 (s, 3H), 2.14 (m, 1H), 2.03 (m, 1H). 
FAB MS, [M+H] + =493. 

EXAMPLE 159 

15 2-ff1-(2-CarbamimidovlDvridine-4-ylmethvl)-2-oxopyrrolidin»3-fSVvH-f7- 
methoxynaphthalene-2-sulfonvnamino)acetamide trifluoroacetate. 

A, 2-rri'(2-Cvanopvridine-4.vlmethvl)-2-oxoDvrrolidin-3WS)-yl1.(7- 
methoxvnaphthalene-2-sulfony naminolacetic acid tert-butvl ester. 

20 The title compound is prepared from 7-methoxynaphthalene-2-sulfonic acid-[1- 
(2-cyano-pyridin-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yi]amide as described in 
EXAMPLE 141, Part D using tert-butyl bromoacetate in place of benzyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 10% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title 

25 compound as a white solid. 

1 H NMR (CDCI 3 , 300 MHz) 68.66 (d, 1H), 8.44 (s, 1H), 7.90 (d, 1H), 7.85 (d, 
1H), 7.79 (d, 1H), 7.58 (s, 1H), 7.42 (d, 1H), 7.29 (dd, 1H), 7.28 (m, 1H), 4.56 
(m, 1H), 4.49 (AB, 2H), 3.99 (AB, 2H), 3.94 (s, 3H), 3.31 (m, 2H), 2.63 (m, 1 H), 
2.54 (m, 1H), 1.43 (s, 9H). 

30 

B. 2-ff1-(2-Cvanopyridine-4-ylmethyl)-2»oxopyrrolidin-3-fSVyl1-f7- 
methoxynaphthalene-2-sulfonyl)amino]acetic acid. 
2-[[1-(2-Cyanopyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetic acid ferf-butyl ester is converted 

35 to the title compound as described in EXAMPLE 127, Part B. The product is 
azeotroped with toluene to give a white foam. 
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1 H NMR (CDCI3, 300 MHz) 8 9.61 (bs, 1H), 8.70 (d, 1H), 8.39 (s, 1H), 7.90 (d. 
1H), 7.79 (d, 1H), 7.70 (d, 1H), 7.68 (s, 1H), 7.51 (m, 1H), 7.30 (m, 1H), 7.20 (d, 
1H), 4.80 (m, 1H), 4.59 (AB, 2H), 4.01 (s, 2H), 3.95 (s, 3H), 3.40 (m, 2H), 2.48 
(m, 1H), 2.31 (m, 1H). FAB MS, [M+H] + =495. 

5 

C. 2-ff1-f2-Cvanopvridine-4-vlmethvlV2-oxoDvrrolidin-3-fSWI1-(7- 
methoxvnaphthalene-2-sulfonynamino)acetamide. 

The title compound is prepared as described in EXAMPLE 127, Part C using 2- 
[[1-(2-cyanopyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
10 methoxynaphthalene-2-sulfonyl)amino]acetic acid in place of 2-[[1-(5- 

cyanothiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxynaphthalene- 
2-sulfonyl)amino]acetic acid. The crude product is concentrated from EtOAc to 
afford the title compound as a white solid. 

1 H NMR (CDCI3, 300 MHz) 8 8.73 (d, 1H), 8.40 (s, 1H), 7.91 (d, 1H), 7.80 (m, 
15 2H), 7.69 (s, 1 H), 7.50 (d, 1 H), 7.32 (m, 1 H), 7.29 (m, 1 H), 5.45 (bs, 2H), 4.58 
(m, 1H), 4.57 (AB, 2H), 3.98 (s, 3H), 3.82 (AB, 2H), 3.40 (m, 1H), 3.32 (m, 1H), 
2.51 (m, 1H), 2.42 (m, 1H). 

D. 2-{f1-f2-Carbamimidoyl«pyridin e-4-ylmethvlV2-oxopvrrolidin-3-fSVvn-f7- 
20 methoxvnaphthalene-2-sulfonvnamino)acetamide trifluoroacetate. 

2-[[1-(2-Cyanopyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide is converted to the title 
compound as described in EXAMPLE 154, Part B. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 

25 80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.52 (bs, 2H), 9.33 (bs, 2H), 8.75 (d, 1H), 8.45 
(s, 1H), 8.04 (d, 1H), 7.99 (s, 1H), 7.95 (d, 1H), 7.77 (d, 1H), 7.64 (d, 1H), 7.58 
(bs, 2H), 7.35 (dd, 1H), 7.25 (s, 1H), 4.88 (m, 1H), 4.50 (AB, 2H), 3.90 (s, 3H), 

30 3.73 (AB, 2H), 3.25 (m, 2H), 2.1 1 (m, 2H). FAB MS, [M+H] + =51 1. 

EXAMPLE 160 

2-{H-f2-Carbamimidovl-Pvridine-4-vlmethylV2-oxoDv rrolidin-3-fSVvn-(7- 
methoxynaphthalene.2.sulfonv namino)-N-phen6thvlacetamide 
35 trifluoroacetate. 
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A. 2-rf1-r2-CvanoDvridine-4-vl methvn-2-oxopvrrolidin-3-fS^vl]-/7- 
methoxvnaphthalene-2-suifonynaminol-N- phenethvlacetamide. 
The title compound is prepared as described in EXAMPLE 127, Part C using 
2<[1-(2-cyan-pyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxy- 
5 naphthalene-2-sulfonyl)amino]acetic acid in place of 2-[[1-(5-cyanothiophene- 
3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7-methoxynaphthalene-2-sulfonyl)amino- 
Jacetic acid and with phenethylamine instead of NH 4 OH. The crude product is 
purified by column chromatography eluting with gradient of 50% EtOAc/CH 2 CI 2 
to 2% MeOH//50% EtOAc/CH 2 CI 2 to afford the title compound as a white solid. 
10 1 H NMR (CDCI 3 , 300 MHz) 6 8.70 (d, 1 H), 8.39 (s, 1 H), 7.89 (d, 1 H), 7.80 (d, 
1H), 7.69 (s, 1H), 7.50 (d, 1H), 7.25 (m, 7H), 7.11 (d, 1H), 4.55 (AB, 2H), 4.31 
(bs, 1H), 3.94 (m, 1H), 3.90 (s, 3H), 3.81 (AB, 2H), 3.38 (m, 2H), 3.26 (m, 2H), 
2.65 (m, 2H), 2.35 (m, 1 H), 1 .85 (m, 1 H). 

15 B. 2-(ri-r2-Carbamimidovl-Dvridine-4.yl methvn-2-oxopvrrolidin.3.fS^yl]-r7. 
methoxvnaphthalene-2-sulfonvnamino)-N-phen ethvlacetamide 
trifluprpacetate. 

2-[[1-(2-Cyanopyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide is converted to 

20 the title compound as described in EXAMPLE 154, Part B. The crude product 
is purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.52 (bs, 2H), 9.37 (bs, 2H), 8.75 (d, 1H), 8.44 

25 (s, 1H), 8.19 (m, 1H), 8.03 (d, 1H), 7.99 (s, 1H), 7.97 (d, 1H), 7.77 (dd, 1H). 7.65 
(d, 1H), 7.57 (s, 1H), 7.36 (dd, 1H), 7.25 (m, 2H), 7.19 (m, 3H), 4.88 (m, 1H), 
4.51 (AB, 2H), 3.88 (s, 3H), 3.79 (AB, 2H), 3.22 (m, 4H), 2.64 (m, 2H), 2.1 8 (m, 
1H), 2.09 (m, 1H). FAB MS, [M+H] + =615. 

30 EXAMPLE 161 

4»{3-fSV[^7-Methoxynaphthalene-2>sulfonyh-thiophen-3-ylmethylamino]-2- 
QXQpyrrQlidin-1-ylmethyl}pyridine-2-carbpxamidine trifluprpacetate. 

A. 7-Methoxynaphthalene-2-sulfonic acid-[1 -(2-cyanopvridin-4-vlmethyfl-2- 

35 pxppyrrplidin-3-(S)-y|]thipphen-3-ylmethylamide. 

The title compound is prepared from 7-methoxynaphthalene-2-sulfonic acid [1- 
(2-cyanopyridin-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide as described in 
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EXAMPLE 141, Part D using 3-bromomethylthiophene in place of benzyl 
bromide. The crude product is purified by column chromatography eluting with 
gradient of 10% EtOAc/CH 2 CI 2 to 25% EtOAc/CH 2 CI 2 to afford the title 
compound as a white solid. 
5 1 H NMR (CDCI 3 , 300 MHz) 8 8.65 (d, 1 H), 8.47 (s, 1 H), 7.95 (m, 2H), 7.80 (d, 
1H), 7.57 (s, 1H), 7.43 (d, 1H), 7.25 (m, 4H), 7.08 (d, 1H), 4.49 (AB, 2H), 4.45 
(m, 3H), 3.94 (s, 3H), 3.19 (m, 2H), 2.34 (m, 1H), 2.20 (m, 1H). 

B. 4-(3-fSVrf7-MethoxvnaDhthalene-2-sulfonyn thioDhen-3-vlmethvlamino]-2- 
10 oxopvrrolidin-1-ylmethyl}pvridine.2-ca rboxamidine trifluoroaoetate. 

7-Methoxynaphthalene-2-sulfonic acid l1-(2-cyanopyridin-4-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]thiophen-3-ylmethylamide is converted to the title 
compound as described in EXAMPLE 154, Part B. The crude product is 
purified by RP-HPLC eluting in a gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 
1 5 80% CH 3 CN/H 2 0 (0. 1 % TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid. 
1 H NMR (DMSO-d 6 , 300 MHz) 5 9.43 (bs, 2H), 9.17 (bs, 2H), 8.66 (d, 1H), 8.35 
(s, 1H), 7.94 (d, 1H), 7.88 (S, 1H), 7.87 (d, 1H), 7.73 (d, 1H), 7.51 (d, 1H), 7.45 
(s, 1H), 7.34 (m, 1H), 7.29 (m, 2H), 6.92 (d, 1H), 4.70 (m, 1H), 4.34 (s, 2H), 4.30 
20 (AB, 2H), 3.80 (s, 3H), 3.12 (m, 1H), 3.00 (m, 1H), 2.10 (m, 1H), 1.77 (m, 1H). 
FAB MS, [M+H] + =550. 

EXAMPLE 162 

4-{3-fSVf(7-Methoxynaphthalene -2-sulfonynthiophen-3-yl methylamino]-2- 
25 oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroaoetate. 

A. 7-Methoxynaphthalene-2-sulfonic acid [1-(2-cyanothiophene-4-ylmethyn-2- 
oxopyrrolidin-3-(SV vnthiophene-3-ylmethvlamide. 

The title compound is prepared from 7-methoxynaphthalene-2-sulfonic acid 
30 [1-(2-cyanothiophen-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide (0.51 g, 1.16 
mmol) as described in EXAMPLE 126, Part A, using 3-bromomethylthiophene 
in place of methyl iodide. The crude product is purified by column 
chromatography eluting with 60% EtOAc/hexanes to afford 7-methoxy- 
naphthalene-2-sulfonic acid-[1-(2-cyanothiophene-4-ylmethyl)-2-oxopyrrolidin- 
35 3-(S)-yl]thiophene-3-ylmethylamide.as a white solid (0.18 g, 0.33 mmol). 
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'H NMR (CDCI 31 300 MHz) 5 8.44 (s, 1H), 7.93 (m, 2H), 7.78 (d, 1H), 7.46 (d, 
1H), 7.24 (m, 3H), 7.13 (S, 4H), 7.05 (d, 1H), 4.2-4.6 (2AB, 4H), 4.44 (t, 1H), 3.72 
(s, 3H), 3.12 (m, 2H), 2.25 (m, 1H), 2.05 (m, 1H). FAB MS, [M+H] + =538. 

5 B. 4-(3-fSVff7-Methoxynaphthalen6-2-sulfonvnthiophen-3-vlmethvlamino1-2- 
oxoDvrrolidin-1-vlmethyl}thiophene»2-carboxamidine trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid [1-(5-cyanothiophen-3-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]thiophene-3-ylmethylamide (0.18, 0.33 mmol) is 
converted as described in EXAMPLE 125, Part D. The crude product is purified 

1 0 by RP-HPLC eluting in a gradient of 25% CH 3 CN/H 2 0 (0. 1 % TFA) to 80% 

CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are lyophilized to 
provide the title compound as a white solid (0.083 g, 0.12 mmol). 
'H NMR (DMSO-d 6 , 300 MHz) 8 8.43 (s, 1H), 7.92 (d, 1 H), 7.83 (m, 4H), 7.39 (s, 
1H), 7.28 (m, 2H), 7.17 (s 1H), 6.97 (d, 1H), 4.64 (t 1H), 4.43 (2 AB, 4H), 3.92 (s, 

15 3H), 3.18 (m, 2H), 2.22 (m, 1H), 1.96 (m, 1H). FAB MS, [M+H] + =555. 

Elemental analysis calculated with 1 mole of H 2 0: C=48.97%, H=4.26%, 
N=8.16%; found C=48.80%, H=4.34%, N=7.88%. 

EXAMPLE 163 

20 4-{3-rSVfr4-f6-Nitro-2-chloroDhenoxv)benzenesulfonvnamino>2-oxopyrrolidin- 
1 -ylmethyl)thiophene-2-carboxamidine trifluoroacetate. 

A. 4-{3-(SM(4-(6-Nitro-2-chlorophenoxv)benzenesulfonvhaminoy2- 
oxopvrrolidin-1-vlmethvl)thiophene-2-carbononitrile 

25 4-{3-(S)-[(4-(6-Nitro-2-chlorophenoxy)benzenesulfonyl)amino]-2-oxopyrrolidin- 
1-ylmethyl}thiophene-2-carbononitrile is prepared as described in EXAMPLE 
125, Part C from of 4-(3-Amino-2-oxopyrrolidine-1-ylmethyl)thiophene-2- 
carbonitrile hydrochloride (0.36 g, 1 .4 mmol), and 4-(6-Nitro-2-chlorophenoxy)- 
benzenesulfonyl chloride (0.63 g, 1.8 mmol) and triethyl amine (0.57 g, 5.7 

30 mmol). After 18 hours, the solution is diluted with CH 2 CI 2 and 0.5 N HCI. The 
layers are separated; the organic layer is dried over Na 2 S0 4 , filtered and 
concentrated. The crude product is triturated with ether to afford the title 
compound (0.72 g, 1 .35 mmol) as a white foam. 

1 H NMR (CD 3 OD, 300 MHz) 8 8.03 (d, 1H), 7.91 (two d, 3H), 7.69 (s, 1H), 7.63 
35 (s, 1H), 7.53 (dd, 1H) 7.02 (d, 2H), 4.42 (AB, 2H), 4.1 1 (t, 1H), 3.23 (m, 2H), 2.23 
(m, 1H), 1.71 (m, 1H). FAB MS, [M+H] + =533; 535. 
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B. 4-{3-fS^f(4-r6-Nitro-2-chlorophsnoxy)benzenesulfonvnamino]-2- 
oxoDvrrolidin-1-vlmethylUhiophene-2-carboxamidine triflu oroacetate . 

4- {3-(S)-[(4-(6-Nitro-2-chlorophenoxy)benzenesulfonyl)amino]-2-oxopyrrolidin- 
1-ylmethyl}thiophene-2-carbononitrile (0.408, 0.75 mmol) is converted to the 

5 title compound as described in EXAMPLE 125, Part D. The crude product is 
purified by repeated RP-HPLC, eluting with a gradient of 10% CH 3 CN/H 2 0 
(0.1% TFA) to 100% CH 3 CN/H 2 0 (0.1% TFA). The appropriate product 
fractions are iyophilized to provide the title compound as a white solid (0.22 g, 
0.33 mmol). 

1 0 1 H NMR (CD 3 OD, 300 MHz) 8 8.04 (d, 1 H), 7.92 (two d, 3H), 7.86 (s, 1 H), 7.78 
(s, 1H), 7.56 (dd, 1H) 7.02 (d, 2H), 4.46 (AB, 2H), 4.10 (t, 1H), 3.28 (m, 2H), 2.24 
(m, 1 H), 1 .85 (m, 1 H). FAB MS, [M+H] + =550; 552. 

EXAMPLE 164 

15 5-(3-(S)-f(7-MethoxvnaDhthalene-2-sulfonvlamino1-2-oxoDvrrolidin-1-ylmethvl}- 
furan-2-carboxamidine trifluoroacetate. 

A- 5-Promomethyifuran-2-carbononitrile 

5- Hydoxymethylfuran-2-carbononitrile (1.12 g, 9.1 mmol) is dissolved in THF 
20 (75 mL), treated with triphenylphosphine (2.9 g, 1 1.06 mmol), carbon 

tetrabromide (3.78 g, 1 1.4 mmol) and stirred at room temperature for 18 hours. 
Standard workup yields the title compound (1.45 g, 7.8 mmol). 
1 H NMR (CDCI 3 , 300 MHz) 8 7.04 (d, 2H), 6.50 (d, 1H), 4.43 (s, 2H). 

25 B. 5-(3-Amino-2-oxopvr rolidine-1 -ylmethyftfuran-2-carbonitrile hydrochloride 
A solution of (2-oxopyrrolidin-3-(S)-yl)carbamic acid te/t-butyl ester (1 .56 g, 7.8 
mmol) in 80 mL of THF:DMF (5:1) is treated with 5-bromomethylfuran-2-carbo- 
nitrile (3.23 g, 16 mmol) and sodium hydride (60%) (0.32 g, 8 mmol) as 
described in EXAMPLE 122, Part F. After addition, the solution is allowed to 

30 warm to ambient temperatures. After 5 hours, the solution is quenched by the 
addition of sat. NH 4 CI. The solution is diluted with EtOAc and washed with H z O 
(3x) and saturated NaCI. The organic layer is dried over MgS0 4 , filtered and 
concentrated. The crude product is purified by column chromatography eluting 
with gradient of 40% EtOAc/hexanes to 80% EtOAc/hexanes to afford [1-(5- 

35 cyanofuran-2-ylmethyl)-2-oxopyrrolidin-3-yl]carbamic acid ten-butyl ester (2.38 
g, 7.8 mmol) as a white solid. A portion of this material (1.28 g, 4.2 mmol) is 
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treated as described in EXAMPLE 122, Part G to yield the title compound (1.1 
g, 4.55 mmol). 

1 H NMR (DMSO-d 6 , 300 MHz) 6 8.73 (bs, 3H), 7.45 (d, 1.H), 6.73 (d, 1H), 4.50 
(s, 2H), 3.95 (m, 1H), 3.30 (m, 2H), 2.31 (m, 1H), 1.98 (m, 1H). El MS, M*=205. 

5 

C. 7-Methoxvnaphthalene-2-sulfonic acid n-(2-cvanofuran-5-ylmethyh-2- 
oxopvrrolidin.3-fSVvH- amide. 

7-Methoxynaphthalene-2-sulfonic acid [1 -(2-cyanofuran-5-ylmethyl)-2- 
oxopyrrolidin-3-(S)-yl]amide is prepared as described in EXAMPLE 125, Part C 

1 0 from of 5-(3-amino-2-oxopyrrolidine- 1 -ylmethyl)f uran-2-carbonitrile 
hydrochloride (1.1 g, 4.55 mmol), and 7-methoxynaphthalene-2-sulfonyl 
chloride (1.52 g, 5.9 mmol). After 16 hours, the solution is diluted with CH 2 CI 2 . 
The organic layer is washed with 0.5 N HCI, water and sat. NaCI. The organic 
layer is dried over Na 2 S0 4 , filtered and concentrated. The crude product is 

1 5 purified by column chromatography eluting with 10% EtOAc/CH 2 CI 2 to afford 
the title compound (0.88 g, 2.07 mmol) as a white solid. 
1 H NMR (CDCI 3 , 300 MHz) 8 8.33 (s, 1H), 7.86 (d, 1 H), 7.74 (m, 2H), 7.27 (dd, 
1H), 7.22 (d, 1H), 6.97 (d, 1H), 6.35 (d, 1H), 5.61 (d, 1H), 4.40 (AB, 2H), 3.93 (s, 
3H), 3.73 (m, 1H), 3.28 (m, 2H), 2.57 (m, 1H), 2.08 (m, 1H). El MS, [M] + =425. 

20 

D. 5-(3-(SVfr7-Methoxvnaphthalene-2-sulfonylaminol-2-oxopvrrolidin-1. 
ylmethyl}furan-2-carboxamidine trifluoroacetate. 
7-Methoxynaphthalene-2-sulfonic acid-[1-(2-cyanofuran-5-ylmethyl)-2- 
oxopyrrolidin-3-(S)-ylJamide (0.355 g, 0.83 mmol) is converted as described in 

25 EXAMPLE 125, Part D. The crude product is purified by RP-HPLC eluting in a 
gradient of 10% CH 3 CN/H 2 0 (0.1% TFA) to 100% CH 3 CN and the appropriate 
product fractions are lyophilized to provide the title compound as a white solid 
(0.365 g, 0.625 mmol). 

1 H NMR (DMSO-d 6 , 300 MHz) 6 8.40 (s, 1 H), 7.94 (d, 1 H), 7.87 (d, 1 H), 7.74 
30 (dd, 1 H), 7.48 (d, 1 H), 7.38 (d, 1 H), 7.28 (dd, 1 H), 6.64 (d, 1 H), 4.53 (AB, 2H), 
4.14 (t, 1H), 3.93 (s, 3H), 3.28 (m, 2H), 2.12 (m, 1H), 1.74 (m, 1H). FAB MS, 
[M+H] + =443. Elemental analysis calculated with 1 .5 mole of H 2 0: C=47.34%, 
H=4.49%, N=9.61%; found C=47.25%, H=4.05%, N=9.13%. 

35 EXAMPLE 165 

4.[3-fS^-(5-Chloro-3-methylbenz o[b]thiophene-2-sulfonvlaminoV2- 
oxnpyrrolidin-1-ylmethvl1furan-2-carboxamidine trifluoroacetate. 
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A. 4-Hydroxvmethvlfuran-2-carbonitrile 

A solution of furan-3-ylmethanol (9.68 g, 98.7 mmo!) in THF (150 mL) at -78°C 
is treated with n-butyl lithium (65 mL of 1.6 M solution) for 1 hour followed by 
and s-butyl lithium (86 mL of 1.3 M solution) for 4 hours. A solution of iodine 
5 (29 g, 1 14 mmol) in THF (250 mL) is added and the solution is slowly warmed 
to room temperature. After stirring overnight the reaction mixture is diluted with 
ether, washed with brine, dried (MgS04) and concentrated. Chromatographic 
purification (30% ethyl acetate/hexane) yielded the title compound as a dark 
red oil (13.7 g, 61.2 mmol) contaminated with furan-3-ylmethanol. This 
10 material is treated as described in EXAMPLE 122, Part C; the crude product is 
chromatographed with ethyl acetate/hexane (30-40%) to yield pure title 
compound (1.25 g, 10.1 mmol). 

1 H NMR (CDCI 3 , 300 MHz) 8 7.53 (s, 1 H), 7.14 (s, 1 H), 4.56 (s, 2H); El MS, 
M + =123. 

15 

B. 3-Bromomethvlf uran-5-carbonitrile 

The title compound is prepared as described in EXAMPLE 122, Part D except 
that 4-hydroxymethylthiophene-2-carbonitrile is replaced with 4-hydroxy- 
methyl-furan-2-carbonitrile (1.24 g, 10.1 mmol); yield: (0.78 g, 3.9 mmol). 
20 1 H NMR (CDCI3, 300 MHz) 8 7.59 (s, 1 H), 7.12 (s, 1 H), 4.30 (s, 2H); El MS. M* = 
185/187. 

C. 4-(3-Amino-2-oxopyrrolidine.1 -ylmethynf uran-2-carbonitrile 

A solution of (2-oxopyrrolidin-3-(S)-yl)carbamic acid terf-butyl ester (0.78 g, 3.9 
25 mmol) in 40 mL of THF:DMF (5:1) is treated with 3-bromomethylfuran-5- 

carbonitrile (0.73 g, 3.9 mmol) and sodium hydride (60%) (0.10 g, 4.2 mmol) as 
described in EXAMPLE 122, Part F. After addition, the solution is allowed to 
warm to ambient temperatures. Standard workup folowed by chromatography 
(5-10% MeOH/CH 2 CI 2 ) affords [1-(2-cyanofuran-4-ylmethyl)-2-oxopyrrolidin-3- 
30 yljcarbamic acid tert-butyl ester (1 .05 g, 7.8 mmol) as a white solid. This 

material is treated with trimethylsilyliodide (0.844 g, 4.22 mmol) and free based 
with Amberlite (OH) resin to yield the title compound (0.926 g, 4.51 mmol). 
1 H NMR (CD3OD, 300 MHz) 8 7.80 (s, 1H), 7.28 (s, 1H), 4.36 (AB, 2H), 3.72 (t, 
1 H), 3.38 (m, 2H), 2.43 (m, 1 H), 1 .80 (m, 1 H). 

35 

D. 5-Chloro-3-methylbenzo[b1thiophene -2-sulfonic acid \ 1 -(2-cyano-furan-4- 
ylmethylV2-oxopyrrolidin-3-(SVyl|amide. 
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The title compound (0.25 g, 0.56 mmol) is prepared as in EXAMPLE 125, Part 
C, using 5-chioro-3-methylbenzo[b]thiophene-2-sulfonyl chloride (0.39 g, 1.39 
mmol) and 3-(3-amino-2-oxopyrrolidin-1 -ylmethyl)furan.-2-carbononitrile 
(0.25 g, 1.22 mmol). 

'H NMR (CDCI 3 , 300 MHz) 8 7.78 (s, 1H), 7.73 (d, 1H), 7.49 (s, 3H), 7.45 (d, 
1H), 5.78 (bs, 1H), 4.28 (s, 2H), 3.87(m, 1H), 3.23 (m, 2H), 2.66 (s, 3H), 2.55 (m, 
1H),2.05(m, 1H). 

E. 4-f3-fSVf5-Chloro.3.m ethvlbenzofb]thiophen6-2-sulfonvlaminoV2. 
oxoDvrrolidin-1«vlmethvl1furan.2-carbox amidine trifluoroacetate. 
5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid [1-(2-cyano-furan-4- 
ylmethyl)-2-oxopyrrolidin-3-(S)-yl]amide (0.24 g, 0.53 mmol) is converted to the 
title compound as described in EXAMPLE 125, Part D. The crude product is 
purified by RP-HPLC eluting in a gradient of 20% CH 3 CN/H 2 0 (0.1% TFA) to 
80% CH 3 CN/H 2 0 (0.1% TFA) and the appropriate product fractions are 
lyophilized to provide the title compound as a white solid (0.12 g, 0.2 mmol). 
1 H NMR (DMSO-d 6 , 300 MHz) 8 9.21 (bs. 2H), 9.10 (bs, 2H) 8.68 (d, 1H), 8.09 
(m, 3H), 7.54 (m 2H), 4.19 (AB, 2H), 4.14 (m, 1H), 3.15 (m, 2H), 2.60 (s, 3H), 
2.02 (m, 1H), 1.63 (m, 1H). FAB MS, [M+H] + =467. Elemental analysis 
calculated with 1.5 mole of H 2 0: C=41.48%, H=3.81%, N=9.21%; found 
C=41.51%, H=3.41%, N=8.84%. 

Other compounds prepared according to the procedures above include 
those encompassed by the following formula: 




> 



30 



wherein R is hydrogen, methyl, aralkyl, heteroaralkyl, H0 2 CCH 2 -, HOC(0)CH 2 -, 
H 2 NC(0)CH 2 -, (aralkyl)HNC(0)CH 2 - or (heteroaralkyl)HNC(0)CH 2 -; X 6 is 
hydrogen or amino; and R, is selected from the group of formulae 
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wherein R is hydrogen, methyl, aralkyl, heteroaralkyl, H0 2 CCH 2 -, HOC(0)CH 2 -, 
H 2 NC(0)CH 2 -, (aralkyi)HNC(0)CH 2 - or (heteroaralkyl)HNC(0)CH 2 -; and R, is 
5 selected from the group of formulae 
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The molecules described herein inhibit blood coagulation by virtue of 
their ability to inhibit the penultimate enzyme in the coagulation cascade, 
5 controlling the activity of Factor Xa. Both the activity of free Factor Xa and 
Factor Xa assembled in the prothrombinase complex (Factor Xa, Factor Va, 
calcium and phospholipid) are inhibited by compounds of formula 1. The 
inhibition of the Factor Xa activity is obtained by direct complex formation 
between the inhibitor and the enzyme and is therefore independent of the 
1 0 plasma co-factor antithrombin III. Effective inhibition of the Factor Xa activity is 
achieved by administering the compounds either by oral administration, 
continuous intravenous infusion, bolus intravenous administration or any other 
parenteral route such that it achieves the desired effect of preventing the 
activity of Factor Xa induced formation of thrombin from prothrombin. 

15 

Anticoagulant therapy is indicated for the treatment and prophylaxis of a 
variety of thrombotic conditions of both the venous and arterial vasculature. In 
the arterial system, abnormal thrombus formation is primarily associated with 
arteries of the coronary, cerebral and peripheral vasculature. The diseases 

20 associated with thrombotic occlusion of these vessels principally include acute 
myocardial infarction (AMI), unstable angina, thromboembolism, acute vessel 
closure associated with thrombolytic therapy and percutaneous transluminal 
coronary angioplasty (PTCA), transient ischemic attacks, stroke, intermittent 
claudication and bypass grafting of the coronary (CABG) or peripheral arteries. 

25 Chronic anticoagulant therapy may also be beneficial in preventing the vessel 
luminal narrowing (restenosis) that often occurs following PTCA and CABG, 
and in the maintenance of vascular access patency in long-term hemodialysis 
patients. With respect to the venous vasculature, pathologic thrombus 
formation frequently occurs in the veins of the lower extremities following 

30 abdominal, knee and hip surgery (deep vein thrombosis, DVT). DVT further 
predisposes the patient to a higher risk of pulmonary thromboembolism. A 
systemic, disseminated intravascular coagulopathy (DIC) commonly occurs in 
both vascular systems during septic shock, certain viral infections and cancer. 
This condition is characterized by a rapid consumption of coagulation factors 

35 and their plasma inhibitors resulting in the formation of life-threatening 
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thrombin throughout the microvasculature of several organ systems. The 
indications discussed above include some, but not all, of the possible clinical 
situations where anticoagulant therapy is warranted. Those experienced in this 
field are well aware of the circumstances requiring either acute or chronic 
5 prophylactic anticoagulant therapy. 

These compounds may be used alone or in combination with other 
diagnostic, anticoagulant, antiplatelet or fibrinolytic agents. For example 
adjunctive administration of inhibitors of the activity of Factor Xa with standard 

10 heparin, low molecular weight heparin, direct thrombin inhibitors (i.e. hirudin), 
aspirin, fibrinogen receptor antagonists, streptokinase, urokinase and/or tissue 
plasminogen activator may result in greater antithrombotic or thrombolytic 
efficacy or efficiency. The compounds described herein may be administered to 
treat thrombotic complications in a variety of animals such as primates 

15 including humans, sheep, horses, cattle, pigs, dogs, rats and mice. Inhibition of 
factor Xa is useful not only in the anticoagulant therapy of individuals having 
thrombotic conditions but is useful whenever inhibition of blood coagulation is 
required such as to prevent coagulation of stored whole blood and to prevent 
coagulation in other biological samples for testing or storage. Thus, any 

20 inhibitor of Factor Xa activity can be added to or contacted with any medium 
containing or suspected of containing Factor Xa and in which it is desired that 
blood coagulation be inhibited. 

In addition to their use in anticoagulant therapy, inhibitors of Factor Xa 
25 activity may find utility in the treatment or prevention of other physiological 
conditions in which the generation of thrombin has been implicated as playing 
a pathologic role. For example, thrombin has been proposed to contribute to 
the morbidity and mortality of such chronic and degenerative diseases as 
arthritis, cancer, atherosclerosis and Alzheimer's disease by virtue of its ability 
30 to regulate many different cell types through specific cleavage and activation of 
a cell surface thrombin receptor. Inhibition of factor Xa activity will effectively 
block thrombin generation and therefore neutralize any pathologic effects of 
thrombin on various cell types. 

35 According to a further feature of the invention there is provided a method 

for the treatment of a human or animal patient suffering from, or subject to, a 
physiological condition which can be ameliorated by the administration of an 
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inhibitor of the Factor Xa activity, for example conditions as hereinbefore 
described, which comprises the administration to the patient of a 
therapeutically effective amount of compound of formula I or a composition 
containing a compound of formula I. "Effective amount" is meant to describe an 
5 amount of compound of the present invention effective in inhibiting the activity 
of Factor Xa and thus producing the desired therapeutic effect. 

The present invention also includes within its scope pharmaceutical 
formulations which comprise at least one of the compounds of formula I in 
10 association with a pharmaceutically acceptable carrier or coating. 

In practice compounds of the present invention may generally be 
administered parenterally, intravenously, subcutaneously intramuscularly, 
colonically, nasally, intraperitoneal ly, rectally or orally. 

15 

The products according to the invention may be presented in forms 
permitting administration by the most suitable route and the invention also 
relates to pharmaceutical compositions containing at least one product 
according to the invention which are suitable for use in human or veterinary 

20 medicine. These compositions may be prepared according to the customary 
methods, using one or more pharmaceutically acceptable adjuvants or 
excipients. The adjuvants comprise, inter alia, diluents, sterile aqueous media 
and the various non-toxic organic solvents. The compositions may be 
presented in the form of tablets, pills, granules, powders, aqueous solutions or 

25 suspensions, injectable solutions, elixirs or syrups, and can contain one or 
more agents chosen from the group comprising sweeteners, flavorings, 
colorings, or stabilizers in order to obtain pharmaceutically acceptable 
preparations. 

30 The choice of vehicle and the content of active substance in the vehicle 

are generally determined in accordance with the solubility and chemical 
properties of the product, the particular mode of administration and the 
provisions to be observed in pharmaceutical practice. For example, excipients 
such as lactose, sodium citrate, calcium carbonate, dicalcium phosphate and 

35 disintegrating agents such as starch, alginic acids and certain complex 

silicates combined with lubricants such as magnesium stearate, sodium lauryl 
sulfate and talc may be used for preparing tablets. To prepare a capsule, it is 
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advantageous to use lactose and high molecular weight polyethylene glycols. 
When aqueous suspensions are used they can contain emulsifying agents or 
agents which facilitate suspension. Diluents such as sucrose, ethanol, 
polyethylene glycol, propylene glycol, glycerol and chloroform or mixtures 
5 thereof may also be used. 

For parenteral administration, emulsions, suspensions or solutions of 
the products according to the invention in vegetable oil, for example sesame 
oil, groundnut oil or olive oil, or aqueous-organic solutions such as water and 

1 0 propylene glycol, injectable organic esters such as ethyl oleate, as well as 
sterile aqueous solutions of the pharmaceutical^ acceptable salts, are used. 
The solutions of the salts of the products according to the invention are 
especially useful for administration by intramuscular or subcutaneous injection. 
The aqueous solutions, also comprising solutions of the salts in pure distilled 

1 5 water, may be used for intravenous administration with the proviso that their pH 
is suitably adjusted, that they are judiciously buffered and rendered isotonic 
with a sufficient quantity of glucose or sodium chloride and that they are 
sterilized by heating, irradiation or microfiltration. 

20 Suitable compositions containing the compounds of the invention may 

be prepared by conventional means. For example, compounds of the 
invention may be dissolved or suspended in a suitable carrier for use in a 
nebulizer or a suspension or solution aerosol, or may be absorbed or 
adsorbed onto a suitable solid carrier for use in a dry powder inhaler. 

Solid compositions for rectal administration include suppositories 
formulated in accordance with known methods and containing at least one 
compound of formula I. 

30 The percentage of active ingredient in the compositions of the invention 

may be varied, it being necessary that it should constitute a proportion such 
that a suitable dosage shall be obtained. Obviously, several unit dosage forms 
may be administered at about the same time. The dose employed will be 
determined by the physician, and depends upon the desired therapeutic effect, 

35 the route of administration and the duration of the treatment, and the condition 
of the patient. In the adult, the doses are generally from about 0.01 to about 
100, preferably about 0.01 to about 10, mg/kg body weight per day by 
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inhalation, from about 0.01 to about 100, preferably 0.1 to 70, more especially 
0.5 to 10, mg/kg body weight per day by oral administration, and from about 
0.01 to about 50, preferably 0.01 to 10, mg/kg body weight per day by 
intravenous administration. In each particular case, the doses will be 
5 determined in accordance with the factors distinctive to the subject to be 
treated, such as age, weight, general state of health and other characteristics 
which can influence the efficacy of the medicinal product. 

The products according to the invention may be administered as 
1 0 frequently as necessary in order to obtain the desired therapeutic effect. Some 
patients may respond rapidly to a higher or lower dose and may find much 
weaker maintenance doses adequate. For other patients, it may be necessary 
to have long-term treatments at the rate of 1 to 4 doses per day, in accordance 
with the physiological requirements of each particular patient. Generally, the 
15 active product may be administered orally 1 to 4 times per day. It goes without 
saying that, for other patients, it will be necessary to prescribe not more than 
one or two doses per day. 

Compounds within the scope of the present invention exhibit marked 
20 pharmacological activities according to tests described in the literature which 
tests results are believed to correlate to pharmacological activity in humans 
and other mammals. The following pharmacological test results are typical 
characteristics of compounds of the present invention. 

25 Factor Xa Inhibitor: Enzyme Assay Methods 

Please find below a section describing the methods used for evaluating 
the activity of the compounds used in the factor Xa program for insertion into 
the patent. 

30 

Enzyme Assays: 

The ability of the compounds in the present invention to act as inhibitors 
of factor Xa, thrombin, trypsin, tissue-plasm inogen activator (t-PA), urokinase- 
35 plasminogen activator (u-PA), plasmin and activated protein C is evaluated by 
determining the concentration of inhibitor which resulted in a 50% loss in 
enzyme activity (IC50) using purified enzymes. 
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All enzyme assays are carried out at room temperature in 96-well 
microtiter plates using a final enzyme concentration of 1 nM. The 
concentrations of factor Xa and thrombin are determined by active site titration 
5 and the concentrations of all other enzymes are based on the protein 
concentration supplied by the manufacturer. Compounds according to the 
invention are dissolved in DMSO, diluted with their respective buffers and 
assayed at a maximal final DMSO concentration of 1 .25%. Compound 
dilutions are added to wells containing buffer and enzyme and pre-equilibrated 

1 0 for between 5 and 30 minutes. The enzyme reactions are initiated by the 
addition of substrate and the color developed from the hydrolysis of the 
peptide-p-nitroanilide substrates is monitored continuously for 5 minutes at 405 
nm on a Vmax microplate reader (Molecular Devices). Under these conditions, 
less than 10% of the substrate is utilized in all assays. The initial velocities 

15 measured are used to calculate the amount of inhibitor which resulted in a 50% 
reduction of the control velocity (IC50). The apparent Ki values are then 
determined according to the Cheng-Prusoff equation (IC50 = Ki [1+[S]/Km]) 
assuming competitive inhibition kinetics. 

20 By way of example, 5-pyrid-2-yl-thiophene-2-sulfonic acid {1-[3- 

aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate has 
a Ki value of 100 nM. 

By way of example, 7-methoxy naphthalene-2-sulfonic acid {1-[3- 
25 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}acid trifluoroacetate has a 
Ki value of 35 nM. 

An additional in vitro assay may be used to evaluate the potency of 
compounds according to the invention in normal human plasma. The activated 

30 partial thromboplastin time is a plasma-based clotting assay that relies on the 
in situ generation of factor Xa, its assembly into the prothrombinase complex 
and the subsequent generation of thrombin and fibrin which ultimately yields 
the formation of a clot as the assay endpoint. This assay is currently used 
clinically to monitor the ex vivo effects of the commonly used anticoagulant 

35 drug heparin as well as direct acting antithrombin agents undergoing clinical 
evaluation. Therefore, activity in this in vitro assay is considered as a surrogate 
marker for in vivo anticoagulant activity. 
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Human Plasma Based Clotting Assav : 

Activated partial thromboplastin clotting times are determined in duplicate on a 
MLA Electra 800 instrument. A volume of 100 ul of citrated normal human 
5 pooled plasma (George King Biomedical) is added to a cuvette containing 100 
U.I of a compound according to the invention in Tris/NaCI buffer (pH 7.5) and 
placed in the instrument. Following a 3 minute warming period the instrument 
automatically adds 100 u.l of activated cephaloplastin reagent (Actin, Dade) 
followed by 100 u.l of 0.035 M CaCfc to initiate the clotting reaction. Clot 
10 formation is determined spectrophotometrically and measured in seconds. 
Compound potency is quantitated as the concentration required to double a 
control clotting time measured with human plasma in the absence of the 
compound according to the invention. 

1 5 A compound according to the invention may also be evaluated for their 

in vivo antithrombotic efficacy in two well established animal experimental 
models of acute vascular thrombosis. A rabbit model of jugular vein 
thrombosis and a rat model of carotid artery thrombosis are used to 
demonstrate the antithrombotic activity of these compounds in distinct animal 

20 model paradigms of human venous thrombosis and arterial thrombosis, 
respectively. 

Experimental In Vivo Rabbit Venous Thrombosis Model: 

This is a well characterized model of fibrin rich venous thrombosis that is 

25 validated in the literature and shown to be sensitive to several anticoagulant 
drugs including heparin (Antithrombotic Effect of Recombinant Truncated 
Tissue Factor Pathway Inhibitor (TFP1 1-161) in Experimental Venous 
Thrombosis-a Comparison with Low Molecular Weight Heparin, J. Hoist, B. 
Lindblad, D. Bergqvist, O. Nordfang, P.B. Ostergaard, J.G.L Petersen, G. 

30 Nielsen and U . Hedner. Thrombosis and Haemostasis. 71 2 1 4-2 1 9 (1 994) . 
The purpose of utilizing this model is to evaluate the ability of compounds to 
prevent the formation of venous thrombi (clots) in vivo generated at a site of 
injury and partial stasis in the jugular vein. 

35 Male and female New Zealand white rabbits weighing 1.5-2 kg are 

anesthetized with 35 mg/kg of ketamine and 5 mg/kg xylazine in a volume of 
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1 ml/kg (i.m.). The right jugular vein is cannulated for infusion of anesthetic 
(ketamine/xylazine 17/2.5 mg/kg/hr at a rate of approximately 0.5 ml/hr) and 
administration of test substances. The right carotid artery is cannulated for 
recording arterial blood pressure and collecting blood. samples. Body 
5 temperature is maintained at 39°C with a GAYMAR T-PUMP. The left external 
jugular vein is isolated and all side branches along an exposed 2-3 cm of 
vessel are tied off. The internal jugular vein is cannulated, just above the 
bifurcation of the common jugular, and the tip of the cannula is advanced just 
proximal to the common jugular vein. A 1 cm segment of the vein is isolated 

1 0 with non-traumatic vascular clamps and a relative stenosis is formed by tying a 
ligature around the vein with an 18G needle just below the distal most clamp. 
This creates a region of reduced flow and partial stasis at the injury site. The 
isolated segment is gently rinsed with saline 2-3 times via the cannula in the 
internal jugular. Thereafter the isolated segment is filled with 0.5 ml of 0.5% 

1 5 polyoxyethylene ether (W-1) for 5 minutes. W-1 is a detergent which disrupts 
the endothelial cell lining of the segment, thus providing a thrombogenic 
surface for initiating clot formation. After 5 minutes the W-1 is withdrawn from 
the segment, and the segment is again gently rinsed with saline 2-3 times. The 
vascular clamps are then removed, restoring blood flow through this portion of 

20 the vessel. Clot formation is allowed to form and grow for 30 minutes after 
which the vein is cut just below the stenotic ligature and inspected for blood 
flow (the absence of blood flow is recorded as complete occlusion). The entire 
isolated segment of vein is then ligated and the formed clot is removed and 
weighed (wet weight). The effect of test agents on final clot weights is used as 

25 the primary end point. Animals are maintained for an additional thirty minutes 
to obtain a final pharmacodynamic measure of anticoagulation. Drug 
administration is initiated 15 minutes prior to vascular injury with W-1 and 
continued through the period of clot formation and maturation. Three blood 
samples (3 ml ea.) are obtained for evaluation of hemostatic parameters: one 

30 just prior to administration of W-1 ; a second 30 minutes after removal of the 
vascular clamps and a third at the termination of the experiment. 
Antithrombotic efficacy is expressed as a reduction in the final clot weight in 
preparations treated with a compound according to the invention relative to 
vehicle treated control animals. 

35 

Experimental In Vivo Rat Arterial Thrombosis Model: 
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The antithrombotic efficacy of factor Xa inhibitors against platelet-rich 
arterial thrombosis may be evaluated using a well characterized rat carotid 
artery FeCI 2 -induced thrombosis model (Superior Activity of a Thromboxane 
Receptor Antagonist as Compared with Aspirin in Rat Models of Arterial and 
5 Venous Thrombosis, W.A. Schumacher, C.L Heran, T.E. Steinbacher, S. 

Youssef and M.L Ogletree. Journal of Cardiovascular Pharmacology . ££, 526- 
533 (1993); Rat Model of Arterial Thrombosis Induced by Ferric Chloride, K.D. 
Kurtz, B.W. Main, and G.E. Sandusky. Thrombosis Research . fi£>, 269-280 
(1990); The Effect of Thrombin Inhibition in a Rat Arterial Thrombosis Model, 
10 RJ. Broersma, L.W. Kutcher and E.F. Heminger. Thrombosis Research 64. 
405-412 (1991). This model is widely used to evaluate the antithrombotic 
potential of a variety of agents including heparin and the direct acting thrombin 
inhibitors. 

15 Sprague Dawley rats weighing 375-450 g are anesthetized with sodium 

pentobarbital (50 mg/kg i.p.). Upon reaching an acceptable level of 
anesthesia, the ventral surface of the neck is shaved and prepared for aseptic 
surgery. Electrocardiogram electrodes are connected and lead II is monitored 
throughout the experiment. The right femoral vein and artery are cannulated 

20 with PE-50 tubing for administration of a compound according to the invention 
and for obtaining blood samples and monitoring blood pressure, respectively. 
A midline incision is made in the ventral surface of the neck. The trachea is 
exposed and intubated with PE-240 tubing to ensure airway patency. The right 
carotid artery is isolated and two 4-0 silk sutures are placed around the vessel 

25 to facilitate instrumentation. An electromagnetic flow probe (0.95-1.0 mm 

lumen) is placed around the vessel to measure blood flow. Distal to the probe 
a 4x4 mm strip of parafilm is placed under the vessel to isolate it from the 
surrounding muscle bed. After baseline flow measurements are made, a 2x5 
mm strip of filter paper previously saturated in 35% FeCl2 is placed on top of 

30 the vessel downstream from the probe for ten minutes and then removed. The 
FeCl2 is thought to diffuse into the underlying segment of artery and cause 
deendothelialization resulting in acute thrombus formation. Following 
application of the FeCI 2 -soaked filter paper, blood pressure, carotid artery 
blood flow and heart rate are monitored for an observation period of 60 

35 minutes. Following occlusion of the vessel (defined as the attainment of zero 
blood flow), or 60 minutes after filter paper application if patency is maintained, 
the artery is ligated proximal and distal to the area of injury and the vessel is 
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excised. The thrombus is removed and weighed immediately and recorded as 
the primary end point of the study. 

Following surgical instrumentation a control blood sample (B1) is drawn. 
5 All blood samples are collected from the arterial catheter and mixed with 
sodium citrate to prevent clotting. After each blood sample, the catheter is 
flushed with 0.5 ml of 0.9% saline. A compound according to the invention is 
administered intravenously (i.v.) starting 5 minutes prior to FeCI 2 application. 
The time between FeCI 2 application and the time at which carotid blood flow 

1 0 reached zero is recorded as time to occlusion (TTO). For vessels that did not 
occlude within 60 minutes, TTO is assigned a value of 60 minutes. Five 
minutes after application of FeCfc, a second blood sample is drawn (B2). After 
10 minutes of FeCfc exposure, the filter paper is removed from the vessel and 
the animal is monitored for the remainder of the experiment. Upon reaching 

15 zero blood flow blood a third blood sample is drawn (B3) and the clot is 

removed and weighed. Template bleeding time measurements are performed 
on the forelimb toe pads at the same time that blood samples are obtained. 
Coagulation profiles consisting of activated partial thromboplastin time (APTT) 
and prothrombin time (PT) are performed on all blood samples. In some 

20 instances a compound according to the invention may be administered orally. 
Rats are restrained manually using standard techniques and compounds are 
administered by intragastric gavage using a 18 gauge curved dosing needle 
(volume of 5 ml/kg). Fifteen minutes after intragastric dosing, the animal is 
anesthetized and instrumented as described previously. Experiments are then 

25 performed according to the protocol described above. 

The present invention may be embodied in other specific forms without 
departing from the spirit or essential attributes thereof. 
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WHAT IS CLAIMED IS: 



1 . A compound of formula I 



5 




R is hydrogen, optionally substituted alkyl, optionally substituted aralkyl, 
10 optionally substituted heteroaralkyl or hydroxyalkyl; 

R, is hydrogen, R 3 S(0) p - or R 3 R 4 NS(0) p -; 

R 2 is hydrogen, or when X s and Xg. taken together are =NR 5 , then R 2 is 
15 hydrogen, optionally substituted lower alkyl, optionally substituted aralkyl or 
optionally substituted heteroaralkyl; 

R 3 is optionally substituted alkyl, optionally substituted cycloalkyl, optionally 
substituted heterocyclyl, optionally substituted aryl, optionally substituted 
20 heteroaryl, optionally substituted aralkyl, optionally substituted heteroaralkyl, 
optionally substituted aralkenyl or optionally substituted heteroaralkenyl, or R 
and R 3 taken together form a 5 to 7 membered ring; and 

R 4 is optionally substituted alkyl, optionally substituted cycloalkyl or optionally 

25 substituted aryl, optionally substituted heteroaryl, optionally substituted aralkyl 
or optionally substituted heteroaralkyl, or R 3 and R 4 taken together with the 
nitrogen to which R 3 and R 4 are attached form an optionally substituted 4 to 7 
membered heterocyclyl; 
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X, and X r are independently selected from hydrogen, optionally substituted 
alkyl, optionally substituted aryl, optionally substituted aralkyl, optionally 
substituted heteroaryl, optionally substituted heteroaralkyl or hydroxyalkyl, or 
5 X, and X r taken together form oxo; 

X 2 and X 2 . are hydrogen, or taken together form oxo; 

X 3 is hydrogen, hydroxy, optionally substituted alkyl, optionally substituted aryl, 

10 optionally substituted heteroaryl, optionally substituted aralkyl or optionally 
substituted heteroaralkyl, or X 3 and one of X, and X r taken together form a 

4 to 7 membered ring; 

X 4 is hydrogen, optionally substituted alkyl, optionally substituted aralkyl, or 
15 hydroxyalkyl; 

X 5 and X 5 . are hydrogen or taken together are =NR 5 ; 

R 5 is hydrogen, R 6 0 2 C-, R 6 0-, cyano, R 6 CO-, optionally substituted lower alkyl, 
20 nitro or Y r Y 2 'N-; 

Y 1 and Y* are independently hydrogen, alkyl, aralkyl or heteroaralkyl; 

Xe and Xg. are independently hydrogen, R 7 R 8 N-, R 9 0-, R 7 R„NCO-, R 7 R 8 NS0 2 -, 
25 R 9 CO-, halo, cyano or nitro; 

R 6 is hydrogen, optionally substituted lower alkyl or optionally substituted 
aralkyl or optionally substituted heteroaralkyl; 

30 R 7 and R 8 are independently hydrogen or optionally substituted lower alkyl, or 
one of R 7 and R 8 is hydrogen and the other of R 7 and R e is R 10 (O)CCH 2 - or lower 
acyl; 

R 9 is hydrogen, optionally substituted lower alkyl, lower acyl or R 10 (O)CCH 2 -; 

35 

R 10 is hydrogen, optionally substituted lower alkyl, alkoxy or hydroxy; 
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m is 0, 1,2 or 3; 
n is 1 , 2 or 3; or 
5 p is 1 or 2, 

a pharmaceutical^ acceptable salt thereof, an N-oxide thereof, a hydrate 
thereof or a solvate thereof. 

10 2. The compound of claim 1 wherein R 3 is optionally substituted phenyl, 
optionally substituted naphthyl, optionally substituted thienyl or optionally 
substituted benzothienyl. 



15 



3. The compound of claim 1 wherein n is 1 , and m is 1 . 

4. The compound of claim 1 wherein X 2 and X,, taken together are oxo. 

5. The compound of claim 1 wherein X r , X 3 and X 4 are hydrogen. 

20 6. The compound of claim 1 wherein X 5 and X 5 . taken together are =NH. 

7. The compound of claim 1 wherein X 5 and X 5 . taken together are =NR 5 
wherein R 5 is R 6 0 2 C-. 



0 



25 8. The compound of claim 1 wherein >s — ' is phenyl and the carbon 
substituted with X 5 , X 5 . and HR 2 N- is attached to the 3-position of the phenyl. 



0 

of claim 1 wherein x — ^ is of 1 



9. The compound of claim 1 wherein x — ^ is of the formula 

• NH 2 



30 



NH 



WO 96/40679 PCT/US96/09816 

241 



10. The compound of claim 1 wherein X 1 is hydrogen and X r is 
carboxyalkyl, alkoxycarbonylalkyl or aryl, or X 1 and X r taken together form oxo. 

5 11. The compound of claim 1 wherein R 1 is R 3 S0 2 -. 

12. The compound of claim 1 wherein R 1 is R 3 R 4 NS0 2 -. 

1 3. The compound of claim 1 wherein one of Xe and X 6 . is amino in a para 




1 0 position relative to the iNnn 2 moiety. 

14. A compound according to claim 1 which is 

Naphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
15 3-(S)-yl}amide trifluoroacetate; 

Dibenzofuran-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-5-oxopyrrolidin- 
3-yl}amide trifluoroacetate; 

20 Toluene-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate; 

3,4-Dihydro-1 H-isoquinoline-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]- 
2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

25 

3'-Methoxy-biphenyl-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

Naphthalene- 1 -sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
30 3-(S)-yl}amide trifluoroacetate; 

5-Pyrid-2-ylthiophene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 
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Biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
5 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

7-Ethoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

10 5-Chloro-6-methoxynaphthalene-2-sulfonic acid {1-[3- 

(am inoim inom ethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}am ide trif lu oroacetate ; 

5-Chloro-6,7-dimethoxynaphthalene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

15 

7-Aminonaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

Naphthalene-2-sulfonic acid {1-[4-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
20 3-(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid [1-(3-aminomethylbenzyl)-2- 
oxopyrrolidin-3-(S)-yl]amide trifluoroacetate; 

25 Naphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin- 
3-(S)-yl}methyl amide trifluoroacetate; 

Naphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]pyrrolidin-3-(S)- 
yljamide bistrifluoroacetate; 

30 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2,5- 
dioxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

Naphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxopiperidin- 
35 3-yl}amide trifluoroacetate; 
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7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
azepan-3-(S)-yl}amide trifluoroacetate; 

7- Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
5 oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate; 

6- Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

10 6-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-6- 
methoxynaphthalene-2-sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

15 

9, 1 0-Dioxo-8a,9, 1 0, 1 0a-tetrahydroanthracene-2-sulfonic acid { 1 -[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

8- Chloro-7-methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)- 
20 benzyl]-2-oxopyrrolidin-3-(S)-yl}am ide trif I uoroacetate; 

7- M eth oxynaphthalene-2-sulfonic acid { 1 -[4-(am inoiminomethy I) benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

25 6,7-Dimethoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzy!]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

Naphtho(2,3-d)-(1 ,3)dioxole-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]- 
2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

30 

7-Benzyloxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

7-Hydroxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
35 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 
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6- Hydroxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid {1-[3- 
5 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}methyl amide 
trifluoroacetate; 

10 

7- Methylnaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrplidin-3-(S)-yl}amide trifluoroacetate; 

7-Ethylnaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
15 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

5-Chloro-6-aminonaphthalene-2-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

20 7-Methylaminonaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2' 
oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

2-Methyl-1,2,3,4-tetrahydroisoquinolinyl-7-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate; 

25 

1,2,3,4-Tetrahydroisoquinolinyl-7-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}methyl amide 
dihydrochloride; 

30 7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}-(4-nitrobenzyl)amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}-(4-aminobenzyl)amide bistrifluoroacetate; 

35 

7-Meth oxynaphthalene-2-sulf onic acid { 1 -[3-(am inoiminomethy I) benzyl]-2- 
oxopyrrolidin-3-(S)-yl}(3-nitrobenzyl)amide trifluoroacetate; 
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7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyI]-2- 
oxopyrrolidin-3-(S)-yl}(3-aminobenzyl)amide bistrifluoroacetate; 

5 7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}-(2-nitrobenzyl)amide trifluoroacetate; 

3-[2-Oxo-3(S)-(2-phenylethenesulfonylamino)pyrrolidin-1-ylmethyl]- 
benzamidine trifluoroacetate; 

10 

3-[2-Oxo-3(S)-(2-phenyiethanesulfonylamino)pyrrolidin-1-ylmethyl]- 
benzamidine trifluoroacetate; 

[lmino-(3-{3-[7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxo-3(S)- 
1 5 pyrrolidin-1-ylmethyl]phenyl)methyl]carbamic acid ethyl ester; 

3-[2-Oxo-3(S)-{2-(pyridin-4-ylamino)-ethanesulfonylamino}-pyrrolidin-1- 
ylmethyl]-benzamidine bistrifluoroacetate; 

20 2'-Methoxybiphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

5,6,7,8-Tetrahydrophenanthrene-3-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxo-3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

25 

lsoquinolinyl-5-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo-3(S)- 
pyrrolidin-3-yl}amide bistrifluoroacetate; 

5-Chlorothiophene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
30 3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

2,4-Diaminoquinazoline-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxo-3(S)-pyrrolidin-3-yl}amide trifluoroacetate; 

35 7-Methoxy-2-naphthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}ethylamide trifluoroacetate; 
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7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-fluorobenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
5 3(S)-pyrrolidin-3-yl}(4-methylbenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-methylbenzyl)amide trifluoroacetate; . 

10 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}napthalene-2-ylmethylamide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-phenylallyl)amide trifluoroacetate; 

15 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(3-methylbenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
20 3(S)-pyrrolidin-3-yl}(2-fluorobenzyl)amide trifluoroacetate; 

2-Fluorobiphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo-3(S)- 
pyrrolidin-3-yl}methylamide trifluoroacetate; 

25 3-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]propionamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}naphthalene-2- 
sulfonylamino]-N-phenethylacetamide trifluoroacetate; 

30 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}biphenyl-4- 
sulfonylamino]-N-phenethylacetamide trifluoroacetate; 



35 



2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-phenethylacetarriide trifluoroacetate; 
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2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-ethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-.(S)-yl}-7- 
5 methoxynaphthalene-2-sulfonylamino]-N,N-dimethylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrroiidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-benzylacetamide trifluoroacetate; 

1 0 2-[{ 1 -[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-(2-p-toluylethyl)acetamide 
trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
15 methoxynaphthalene-2-sulfonylamino]-N-(3-phenylpropyl)acetamide 
trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthaIene-2-sulfonylamino]-N-(4-methylbenzyl)acetamide 
20 trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 

methoxynaphthalene-2-sulfonylamino]-N-[2-(3-fluorophenyl)ethyl]acetamide 

trifluoroacetate; 

25 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
methoxynaphthalene-2-sulfonylamino]-N-indan-2-ylacetamide trifluoroacetate; 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
30 methoxynaphthalene-2-sulfonylamino]-N-(2-pyridin-3-yl-ethyl)acetamide 
bistrifluoroacetate; 

4,5-Dichlorothiophene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}amide trifluoroacetate 

35 

4,5-Dichlorothiophene -2-sulfonic acid {1-[3-(aminoiminomethyl)benzylJ-2-oxo- 
3(S)-pyrrolidin-3-yl}-methylamide trifluoroacetate; 
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4,5-Dichlorothiophene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}benzylamide trifluoroacetate; 

5 7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-2-cyclopropylphenethylamide trifluoroacetate; 

3'-Methyl-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

3-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

3-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]-2-methylacetamide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl3-2-oxo- 
azetidin-3(S)-yl}amide trifluoroacetate; 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
azetidin-3(S)-yl}benzylamide trifluoroacetate; 

5,6,7,8-Tetrahydronaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)- 
benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(2-methoxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(3-methoxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(4-methoxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-2-ylmethyl)amide trifluoroacetate; 
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7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-3-ylmethyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
5 3(S)-pyrrolidin-3-yl}(pyridin-4-ylmethyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-( 1 -benzyl- 1 H-imidazol-2-ylmethyl)amide trifluoroacetate; 

10 (1-Methyl-1H-imidazol-2-yl)benzene-4-sulfonic acid {1-[3- 

(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(3-hydroxybenzyl)amide trifluoroacetate; 

15 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}-(2-hydroxybenzyl)amide trifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
20 3(S)-pyrrolidin-3-yl}(pyrazol-3-ylmethyl)amide trifluoroacetate; 

Quinoline-6-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate; 

25 4-Pyridin-4-ylbenzene sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(thiophene-2-ylmethyl)amide trifluoroacetate; 

30 

4-Pyridin-3-ylbenzene sulfonic acid {1-[3-(aminoiminomethyl)benzylJ-2- 
oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 

N-Methylpyrid-4-ylphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
35 oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 



WO 96/40679 



250 



PCT/US96/09816 



2-Methoxyquinoline-7-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate; 

4-(6-Methoxypyridin-2-yl)benzene-4-sulfonic acid {1-[3- 
5 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide bistrifluoroacetate; 

4-(3-Chloropyridin-2-yloxy)benzene-4-sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

10 4-(N-Oxjdopyridin-3-yl)benzene-4-sulfonic acid {1-[3- 

(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

4-Phenoxybenzene-4-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

15 

7-Methoxy-2-napthalenesulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(thiophen-3-ylmethyl)amide trifluoroacetate; 

6-Methoxynaphthalene-2-sulfonic acid {1 -[3-(methoxyaminoiminomethyl)- 
20 benzyl]-2-oxopyrrolidin-3-(S)-yl}methylamide trifluoroacetate; 

6-Methoxynaphthalene-2-sulfonic acid {1 -[3-(cyanoaminoiminomethyl)benzylJ- 
2-oxopyrrolidin-3-(S)-yl}methylamide trifluoroacetate; 

25 6-Methoxynaphthalene-2-sulfonic acid {1-[3-(hydroxyaminoiminomethyl)- 
benzyl]-2-oxopyrrolidin-3-(S)-yl}-methylamide trifluoroacetate; 

4-Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1- 
yl-methyl]benzamidine dihydrochloride; 

30 

4-Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonylmethylamino)-2- 
oxopyrrolidin-1 -yl-methyl]benzamidine trifluoroacetate; 

N-(4-Carbamimidoyl-2-{3-[(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 
35 oxopyrrolidin-1 -(S)-ylmethyl}phenyl)acetamide trif luroacetate; 
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4-Amino-3-[3-(S)-(4-tert-butylbenzenesulfonylamino)-2-oxopyrrolidin-1-yl- 
methyl]benzamidine trifluoroacetate; 

3- Am ino-5-[3-(S)-(7-m ethoxynaphthalene-2-sulfonylam ino)-2-oxopyrrolid in- 1 - 
5 yl-methyl]benzamidine bistrifluoroacetate; 

{4-(Aminoiminomethyl)-2-[3-(7-methoxynaphthalene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]phenoxy}acetic acid methyl ester trifluoroacetate; 

10 {4-(Aminoiminomethyl)-2-[3-(7-methoxynaphthalene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]phenoxy}acetic acid trifluoroacetate; 

2-Chloro-6-nitrophenoxybenzene sulfonic acid {1-[3- 
(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-yl}amide trifluoroacetate; 

15 

4- [3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
thiophene-2-carboxamidirie trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
20 ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl](7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

25 4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4- [3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2-oxo- 
pyrrolidin-1-ylmethyl]thiophene-2-carboxamidine trifluoroacetate; 

30 

5- {3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-3-carboxamidine trifluoroacetate; 

4-{3-(S)-[( 5-Chloro-3-methylbenzo[b]thiophene-2-sulfonyl)benzylamino]-2- 
35 oxopyrrolidin-1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 
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4-{3-(S)-[(Methanesulfonyl)-(3-phenylpropyl)amino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(Methanesulfonyl)(naphthalene-2-yl)amino]-2-oxopyrrolidin-1- 
5 ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(4 > 5-Dichlorothiophene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

1 0 4-{3-(S)-[( 5-Chloro-3-methylbenzo[b]thiophene-2-sulf onyl)methylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

2-[[1-(5-Carbamirnidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide trifluoroacetate; 

15 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(4 F 5- 
dichlorothiophene-2-sulfonyl)amino]-N-benzylacetamide trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
20 methoxynaphthalene-2-sulfonyl)amino]-N-benzylacetamide trifluoroacetate; 

2-[[1-(4-Carbamimidoylthiophene-2-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

25 2-[[1-(4-Carbamimidoylthiophene-2-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(5- 
chloro-3-methylbenzo[b]thiophene-2-sulfonyl)amino]acetic acid methyl ester; 

4-{3-(S)-[(7-Aminonaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine bistrifluoroacetate; 

30 

4-{3-(S)-[(7-Aminonaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine bistrifluoroacetate; 



35 



2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
aminonaphthalene-2-sulfonyl)amino]acetamide bistrifluoroacetate; 
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4-[3-(S)-( 6-Amino-5-chloro-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
thiophene-2-carboxamidine trifluoroacetate; 

4- {3-(S)-[(6-Amino-5-chloro-naphthalene-2-sulfonyl)methylamino]-2- 
5 oxopyrrolidin-1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(6- 
amino-5-chloronaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate; 

10 4-[3-(S)-(6-Aminonaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
thiophene-2-carboxamidine dihydrochloride; 

5- [3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
thiophene-2-carboxamidine trifluoroacetate; 

15 

5-{3-(SH(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

5-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
20 ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

[Amino-(4-{3-(S)-(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 

oxopyrrolidin-1-ylmethyl}thiophene-2-yl)methylene]carbamic acid methyl ester 
trifluoroacetate; 

25 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-N-hydroxycarboxamidine trifluoroacetate; 

4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
30 pyridine-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

35 4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 
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4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]pyridine-2-carboxamidine trifluoroacetate; 

4-{3-(S)-[(5-Chloro-3-methylben2o[b]thiophene-2-sulfpnyl)methylamino]-2- 
5 oxopyrrolidin-1 -ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

2-{[1-(2-Carbamimidoylpyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino}acetamide trifluoroacetate; 

10 2-{[1-(2-Carbamimidoyl-pyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino}-N-phenethylacetamide 
trifluoroacetate; 

4^3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)-thiophen-3-ylmethylamino]-2- 
1 5 oxopyrrolidin-1 -ylmethyl}pyridine-2-carboxamidine trifluoroacetate; 

4- {3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)thiophen-3-ylmethylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

20 4-{3-(S)-[(4-(6-Nitro-2-chlorophenoxy)benzenesulfonyl)amino]-2-oxopyrrolidin- 
1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate; 

5- {3-(S)-[(7-Methoxynaphthalene-2-sulfonylamino]-2-oxopyrrolidin-1-ylmethyl}- 
furan-2-carboxamidine trifluoroacetate; and 

25 

4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2- 
oxopyrrolidin-1-ylmethyl]furan-2-carboxamidine trifluoroacetate. 

15. A compound according to claim 14 which is 

30 

7-Methoxynaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}methyl amide trifluoroacetate. 

16. A compound according to claim 14 which is 

35 

3'-Methoxy-biphenyl-4-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
oxopyrrolidin-3-(S)-yl}amide trifluoroacetate. 
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17. A compound according to claim 14 which is 

5-Pyrid-2-ylthiophene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
5 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate. 

18. A compound according to claim 14 which is 

7-Methoxynaphthalene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2- 
10 oxopyrrolidin-3-(S)-yl}amide trifluoroacetate. 

19. A compound according to claim 14 which is 

7-Aminonaphthalene-2-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2- 
15 oxopyrrolidin-3-(S)-yl}amide bistrifluoroacetate. 

20. A compound according to claim 14 which is 

5-Chloro-3-methylbenzo[b]thiophene-2-sulfonic acid {1-[3- 
20 (aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}amide trifluoroacetate. 

21. A compound according to claim 14 which is 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
25 methoxynaphthalene-2-sulfonylamino]-N-phenethylacetamide trifluoroacetate. 

22. A compound according to claim 14 which is 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
30 methoxynaphthalene-2-sulfonylamino]-N-benzylacetamide trifluoroacetate. 

23. A compound according to claim 14 which is 

2-[{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3-(S)-yl}-7- 
35 methoxynaphthalene-2-sulfonylamino]-N-(2-pyridin-3-yl-ethyl)acetamide 
bistrifluoroacetate. 
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24. A compound according to claim 14 which is 

4,5-Dichlorothiophene-2-sulfonic acid {1 -[3-(aminoiminomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}amide trifluoroacetate. 

5 

25. A compound according to claim 14 which is 

3'-Methy l-biphenyl-4-su If on ic acid { 1 -[3-(am inoim inomethyl)benzyl]-2- 
oxopyrrolidin-3(S)-yl} amide trifluoroacetate; 

10 

26. A compound according to claim 14 which is 

3- [{1-[3-(Aminoiminomethyl)benzyl]-2-oxopyrrolidin-3(S)-3-yl}-(7- 
methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate. 

15 

27. A compound according to claim 14 which is 

7-Methoxy-2-napthalenesulfonic acid {1 -[3-(am inoim inomethyl)benzyl]-2-oxo- 
3(S)-pyrrolidin-3-yl}(pyridin-2-ylmethyl)amide trifluoroacetate. 

20 

28. A compound according to claim 14 which is 

Quinoline-6-sulfonic acid {1-[3-(aminoiminomethyl)benzyl]-2-oxopyrrolidin-3- 
(S)-yl}amide trifluoroacetate. 

25 

29. A compound according to claim 14 which is 

4- Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1- 
yl-methyl]benzamidine dihydrochloride. 

30 

30. A compound according to claim 14 which is 

4-Amino-3-[3-(S)-(7-methoxynaphthalene-2-sulfonyl-methylamino)-2- 
oxopyrrolidin-1-yl-methyl]benzamidine trifluoroacetate. 
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31 . A compound according to claim 14 which is 

4-Amino-3-[3-(S)-(4-tert-butylbenzenesulfonylamino)-2-oxopyrrolidin-1-y|. 
5 methyljbenzamidine trifluoroacetate. 

32. A compound according to claim 14 which is 

{4-(Aminoiminomethyl)-2-[3-(7-methoxynaphthalene-2-sulfonylamino)-2- 
1 0 oxopyrrolidin-1 -ylmethyl]phenoxy}acetic acid methyl ester trifluoroacetate. 

33. A compound according to claim 14 which is 

4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
15 thiophene-2-carboxamidine trifluoroacetate. 

34. A compound according to claim 14 which is 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)methylamino]-2-oxopyrrolidin-1- 
20 ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

35. A compound according to claim 14 which is 

2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrrolidin-3-(S)-yl](7- 
25 methoxynaphthalene-2-sulfonyl)amino]acetamide trifluoroacetate. 

36. A compound according to claim 14 which is 

4-[3-(S)-(5-Chloro-3-methylbenzo[b]thiophene-2-sulfonylamino)-2-oxo- 
30 pyrrolidin-1-ylmethyl]thiophene-2-carboxamidine trifluoroacetate. 

37. A compound according to claim 14 which is 

4-{3-(S)-[( 5-Chloro-3-methylbenzo[b]thiophene-2-sulfonyl)methylaminol-2- 
35 oxopyrrolidin-1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

38. A compound according to claim 14 which is 
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2-[[1-(5-Carbamimidoylthiophene-3-ylmethyl)-2-oxopyrroliclin-3-(S)-yl]-(7- 
methoxynaphthalene-2-sulfonyl)amino]-N-phenethylacetamide trifluoroacetate. 

5 39. A compound according to claim 14 which is 

[Amino-(4-{3-(S)-(7-methoxynaphthalene-2-sulfonyl)methylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-yl)methylene]carbamic acid methyl ester 
trifluoroacetate. 

40. A compound according to claim 14 which is 

4-{3-(S)-((6-Amino-5-chloro-naphthalene-2-sulfonyl)methylamino]-2- 
oxopyrrolidin-1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

41 . A compound according to claim 14 which is 

4-[3-(S)-( 6-Amino-5-chloro-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
thiophene-2-carboxamidine trifluoroacetate. 

42. A compound according to claim 14 which is 

4-{3-(S)-[(7-Aminonaphthalene-2-sulfonyl)benzylaminoJ-2-oxopyrrolidin-1- 
ylmethyl}thiophene-2-carboxamidine bistrifluoroacetate. 

43. A compound according to claim 14 which is 

4-[3-(S)-(7-Methoxynaphthalene-2-sulfonylamino)-2-oxopyrrolidin-1-ylmethyl]- 
pyridine-2-carboxamidine trifluoroacetate. 

44. A compound according to claim 14 which is 

4-{3-(S)-I(7-Methoxynaphthalene-2-sulfonyl)benzylamino]-2-oxopyrrolidin-1- 
ylmethyl}pyridine-2-carboxamidine trifluoroacetate. 

45. A compound according to claim 14 which is 
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2-{[1-(2-Carbamimidoyl-pyridine-4-ylmethyl)-2-oxopyrrolidin-3-(S)-yl]-(7- 

methoxynaphthalene-2-sulfonyl)amino}-N-phenethylacetamide 

trifluoroacetate. 

5 46. A compound according to claim 14 which is 

4-{3-(S)-[(7-Methoxynaphthalene-2-sulfonyl)thiophen-3-ylmethylamino]-2- 
oxopyrrolidin-1-ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

10 47. A compound according to claim 14 which is 

4-{3-(S)-[(4-(6-Nitro-2-chlorophenoxy)benzenesulfonyl)amino]-2-oxopyrrolidin- 
1 -ylmethyl}thiophene-2-carboxamidine trifluoroacetate. 

15 48. The compound according to claim 1 of the formula 



R 

i 




wherein R is hydrogen, methyl, aralkyl, heteroaralkyl, H0 2 CCH 2 -, HOC(0)CH 2 -, 
20 H 2 NC(0)CH 2 -, (aralkyl)HNC(0)CH 2 - or (heteroaralkyi)HNC(0)CH 2 -; X 6 is 
hydrogen or amino; and R, is selected from the group of formulae 
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15 



wherein R is hydrogen, methyl, aralkyl, heteroaralkyl, H0 2 CCH 2 -, HOC(0)CH 2 -, 
H 2 NC(0)CH 2 -, (aralkyl)HNC(0)CH 2 - or (heteroaralkyl)HNC(0)CH 2 -; and R, is 
selected from the group of formulae 
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15 50. A compound of the formula II 
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wherein X 3 , X 4 and m are as defined according to claim 1, P, is alkyl, aralkyl or 
aryl, and P 2 is (alkyl, aralkyl or aryl)carbamate. 

5 

51. A compound of the formula 




1 0 wherein Ar\ R, X„ X r , X 2 , X 2 ., X 3 , X 4 , Xg, X 6 ., m and n are as defined according to 
claim 1, and P r is (alkyl, aralkyl, or aryl)carbamate or R, as defined according 
to claim 1 . 

52. A compound of the formula X. 

15 




wherein Ar\ X„ X r , X, X 2 ., X 3 , X 4 , Xe, X 6 ., m and n are as defined according to 
claim 1 , and P 2 .. is hydrogen or (alkyl, aralkyl or aryl)carbamate. 

20 

36. A compound of the formula XII. 
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10 



15 



X 3 ?4? 

H (XII) 

wherein X„ X r , X, X 2 ., X 3 , X 4 , X^, X 6 . and m are as defined according to claim 1 
and P 2 is (alkyl, aralkyl or aryl)carbamate. 

53. A pharmaceutical composition comprising the compound according to 
claim 1 and a pharmaceutical^ acceptable carrier. 

54. A method for treating a patient suffering from a physiological disorder 
capable of being modulated by inhibiting an activity of Factor Xa by 
administering a therapeutically effective amount of the compound according to 
claim 1. 



55. The method according to claim 54 wherein the physiological disorder is 
venous vasculature, arterial vasculature, abnormal thrombus formation, acute 
myocardial infarction, unstable angina, thromboembolism, acute vessel closure 
associated with thrombolytic therapy, percutaneous transluminal coronary 

20 angioplasty, transient ischemic attacks, stroke, intermittent claudication or 
bypass grafting of the coronary or peripheral arteries, vessel luminal 
narrowing, maintenance of vascular access patency in long-term hemodialysis 
patients, pathologic thrombus formation occurring in the veins of the lower 
extremities following abdominal, knee and hip surgery, a risk of pulmonary 

25 thromboembolism, or disseminated systemic intravascular coagulopathy 
occurring in vascular systems during septic shock, certain viral infections or 
cancer. 
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